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- INTRODUCTION

This self-teaching text in map reading covers those skills needed by everyone
who uses military maps and map substitutes It provides a foundation for per-
sonnel whose training program will require specialized or more advanced skills.
Study of this text should be supplemented by practical exercises in the field with
map and compass. .

The instructional material in this text consists of six parts. You should study
them in the proper sequence — especially Parts I, IT, and III. You will use what
you. learn about symbols, marginal information, point location, and distance
measurement over and over again in subsequent parts. The six parts are as
follows:

Part L Symbols and Marginal Information.
Part II. Location

Part III. Distance

Part IV. Direction ‘

Part V. Relief

Part VI. Map Supplements and Substitutes

ORGANIZATION OF TEXT -

This text consists of frames and panels. A frame presents a single teaching
" point, which usually requires an answer to a specific problem. A panel is an
illustration or other information needed to solve the problems in the frames.

The problem in some frames requires you to write an answer. In others, you
select a correct choice and draw a circle around it. A few frames are called
INFORMATION or REVIEW frames and do not need an answer. When the frame
refers you to a panel, find the correct panel (printed after the frames) and study
it before gnswering the question.

HOW TO STUDY*

1. Start with frame 1 in Part 1. Answer it correctly by drawing a circle
around the correct choice in pencil.

2. Turn the page. The correct answer to frame 1 is printed in parentheses
above frame 2 on page 1-3. If you were incorrect, turn back to frame 1 to re-study
the frame and change your answer to the correct one. (Correcting wrong answers
will help you remember the teaching point )

. i




3. Answer frame 2 by filling in the blanks with the correct words.

4. Turn the page. Check your answer as before and then work out frame,3

and continue in the .same manner. Yy -
7

MATERIALS FURNISHED !

You receive considerable practice with actual map-reading materials in this
instruction. The following materials are essential in answering the frames in
this text:

Topographic map: Kansas, 1:50,000, Leavenworfh Sheet 7062 IV

Photomap: Kansas photomaps, 1:50,000, Leavenworth, Sheet 7062 v
(Printed on back of Leavenworth topographic map.)

/ Pictomap: Virginia, 1:25,000, Fort Belvoir and Vicinity, Special Map

(NOTE: Disregard the. photomap and topographic map printed on the back
of the furnished pictomap. Referénces in this text to the Fort Belvoir and Vicinity
Special Map are to the Pictomap only.)

Aerial photograph “A”, M-109, Exposure 565
Map reading everiay, keyed to the Leavenworth topographxc map.

»

2

Protractor with map Scales
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PART I

\ ' b :
. | ~ SYMBOLS AND MARGINAL INFORMATION

- Set 1.1, TOPOGRAPHIC SYMBOLS -

FRAME 1. . , ‘ .
A topographic map is a drawing of ‘part of the earth’s surface. Rivers, roads,
woods, and hills are shown by lines, symbols, and codors. What is a military

AN

topographic map? ) .. -

a. Dpicture b. drawing

(brown) (11)
. FRAME 12. ‘
You are already “recognizing” roads, railroads, towns, swamps, and orcha'nds.
Even thoughthe map is a drawmg, it helpg you ‘“‘gee” the ground from above
Find the same section of State Route 92 in the photomap prmted on the reverse

side of the map. Which view permits you to “see” State Route 92 more clearly ?

a. topographic map b. photomap

b 4
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(b. ) (22) ’ ' :
FRAME 23. ' ° i ‘
Certain Army units are identified by the Combat Arms Regimental System
‘ %
(panel 1-2). Under this system, the parent units are designated by both battalion
and traditional‘regimental numbers. Under the Combat Arms Regimental System .
(CARS) both battalion and traditional . numbers are shown.
. 1
(33)
* »~
K]
FRAME 34.
Refer to panels 1-4B and 1-5B and the Map Reading Ove;'lay provided with
th{is text. In which area is the minefield located? ' s
a.j(b friendly ’ b. ‘enemy
<
L2 ’
\ .

Nt




(b. drawing) (1) .
FRAME 2. - -

Study the colors on the LEAVENWORTH m;p. Notice that five colors are
used on it. As you would expect, blue shows water featl.{r‘es' and greem shows
veget,a.tion. Brown shows elevations (hills and v)alley). The colors

and ______ show manmadé features, such as highways and buildings.

»

(a. topographic map) (12) .
FRAME. 13. -

Manmade féatures (roads, Buildings) are extremely important in planning
militar'y operations. The map maker wants you to ‘‘see” them clearly so he draws
tﬁhemla little larger than they would be on a photo. He uses colors and symbols.
He is careful, however, to position the centers of the symbols correctly. The size
of manmade features, such as roads and i)uildings, is often exaggeratéd on a map

x

so the reader can

l

them better.




(regimental) (23)

FRAME 24.
In writing the CARS symbol, battalion and regimental numbers are written

together separated by a dash, for example 3-8. In the symbol below 3 means the

« . 3d Battalion and 8 means the 8th

® |3-8

(a. friendly) (34) -

FRAME 35.
Refer to Panel 1-4B and the Map Reading Overlay. On the overlay, find *

circles with an X inside. What do these military symbols mean?

supply points

infa'ntry headquarters

c. coordination points




(red, black) (2)
FRAME 8. )
Bright red describes the main roads shown on the map. What does the _

lighter shade of red on the LEAVENWORTH map show ? N
>

a. railroads
b. churches and post offices

e. built-up areas

(see) (13)
" FRAME 14,
FM 21-31, Topographic Symbols, defines approxin)atelly 250 symbols use% by .
the map makers. However, the map legend contains all the symbols normally re.
quired by the map reader. When you find a topographic symbol that is neither

self-explanatory nor explained in the legend, you should refer to FM __

if you need to know what it means.




(regiment) (24) . .
FRAME 25, _
Draw the symbol for Company A, 8th Battalion, 33d Armor, 21st Armored

Division, using the CARS system. .

(c. coordination points) (85)

FRAME 36.
You are beginning to “see” troop units, supply points, minefields, and ‘bound-

’

ary lines in the military symbols drawn on a situation map or overlay. Sinte you

cannot expect to memorize all such symbols before you begin using them, you

~

use FM - as a reference when necessary.

'Y
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(c. built-up areas. Otherwise, a city would appear in black because of the sym-
bols for buildings and would be hard to reg.df) 3) .

FRAME 4. -
You have learhed that 5 colors are used on a large-scale topographic map to
show the different features on the earth's surface. Write the correct color or

colors in the épace after each of the followir;g.v

-

a. woods and orchards _____ .
b. -contour lines
rivers and lakes ___

roads _ and

a

e. built-up areas

v

Il

Set 1:2.  MILITARY" SYMBOLS

(21-31. Memorizing all topographic symbols before you need them is impractical.
You will* learn them more effectively through usage.) (14)

FRAME 15. e
The military map user often wants to “see” the military situation — location

%

of friendly and enemy units, command pqsts, observation points, supply poirts,
weapons, defen‘ses,_unit boundaries, and'so on. These are shown by military
symbols. A situation map shows a tactical or administrative situation on the

ground by what kind of symbols?

_-a. topographic b. military

N 13

o




Al_ELIB':)' 3/;?( 25y . ( .
-

FRAME 26. .

Field headquarters of units (Panels 1-1 and 1-4a) are shown by the sym-
bol with-a staff attached as shown below. The end of the staff mdncates the exact
location. The unit symbol with indicates a field

headquarters.

staff

’
[ 4 .

. 3
¥

Set 1-3. MARGINAL INFORMATION

(21-30) (36)

FRAME 37. : . . .
On the LEAVENWORTH map, you found_the map symbols in the marginal

information. Later, the marginal information will help you locate points, measure *

distance, and find directions and elevations. The map reader needs to understand

and use information correctly.




(a. green; b. brown; c¢. blue; d. red and black; e. red) (4)

FRAME 5. )
The symbols and colors used on a military map are explained in the legend.

Find the legend on the LEAVE}‘IWORTH map. In what part of the map margin

- i8 the legend located?

a. top center b. lower left

(b. military) (15)

FRAME 16, )
Panels 1-1 through 1-5 printed at the end of Part I show the military symbols

commonly used on sgituation maps and overlays. They are extracted from FM

21-30. Once you learn the system, you recognize gymbols with practice. When you

find one that you do not ungerstand, you should look it upin FM ____- .




(staff) (26)

FRAME 27.
In the space below, draw the symbol for an infantry company headquarters.

£

-

(marginal) (37)
FRAME 38.
In addition, marginal information'enab.les you to identify maps so that you
can requisition them properly and be sure that all users are referring to the .

same sheets. Specific military maps can be identified by referring to the

information.




(b. lower left) (5)

FRAME 6.
hY
Refer to the LEAVENWORTH map. Find where the Chicago, Burlington, and

' Quincy Railroad enters the map from the south (bo’ttom right). What does the
symbol tell you about this railroad? ‘

s. single track b. multiple track

(21-30) (16)

FRAME 17.
Refer to Panel 1-1. What is the shape of the symbol denoting a military

unit, such as a company, battalion, or division?

8. round b. triangular ) e. rectangular




( Z ) @)

FRAME 28. .
A field headquarters is shown by the unit symbol and a

which indicates the unit’s exact location.

{(marginal) (38)

FRAME 39, 4
Each map is called a sheet by the map makers. The sheet is named after the

v

most prominent feature shown on the map. The sheet name is printed in the
top center margin. Refer to your LEAVENWORTH map. The sheet name is




~
(b. multiple track) (6) .
li
FRAME 1.

Refer to the LEAVENWQRTH map. Follow the Chicago, Burlington, and

Quincy Railroad upwards past Horseshoe Lake and the town‘ of Farley. Before

-

you get.to Green Cemetery there is some swamp or maréh on the left side of the

tracks. What tells you this is a swamp?

a. symbol and color  “b. words

(c. rectangular) (17)

FRAME 18.
Symbols indicating the size of the unit are placed at the top of the rectangle.

Small units of squad, section and platoon size are shown with 1, 2, or 3 dots
respectively. Refer to Panel 1-1. Complete the appropriate size identifications

on the troop units shown below by putting the right number of dots over the

squad and platoon symbols.

SECTION PLATOON
L X

SQUAD

1—13




(staff) (28)
FRAME 29, .
Refer to Panel 1-3. Which of the following éyrr;bols showg an ammunition
supply point ? . s ) ’ ,
<

(Leavenworth) ( 39) )

FRAME 40. g
The series name defines the larger geographic area covered by‘a group of

sheets. It is often a state or a country. The series name is printed in the upper

left margin. Refer to the LEAVENWORTH map. Its series name is




(a. symbol and color) (7)

FRAME 8. . \ =

" You were able to identify the symbol for a swamp area by checking t‘he
in the lower left margin of the LEAVENWORTH map. '

! o [ X J 000

\

| | L

+ (squad section platoon) (18)
" FRAME 18. N

. > \ ~
One, two, or three short vertical lines indicate unit§_of company, battalion,
. and group (or regiment) size. Refer to Panel 131, Place the correct number of

vertical lines over the battalion and group symbolg.

COMPANY BATTALION GROUP
]

1—15




(a. @ <) €29) R

FRAME 30.
Refer to the overlay furnished with this text. When this overlay is correctly

. blaced over the LEAVENWORTJ—I map, it shows a tactical situation on the north-

west (upper left) portion of the map. The military situation is shown on the

“

overlay by

vy

(Kansas) (40) ,{

FRAME 41.
To shorten the sheet name and series name identification, a sheet number ig

printed in the upper right corner of’the map. On very recent maps, it is also
shown in the lower left corner. Refer to the LEAVENWORTH map The sheet

number for the Leavenworth, Kansas 1: :50,000 map is’

~% -
o
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(legend) (8)
FRAME 9,
Refer to the left(edge of the LEAVENWORTH map. Find where State'

Route 92 enters the map and trace it to the top of Knob Ridge (just before it

turns right into Leavenworth). What tells you this is a state route rather than

a Federal route?

a, color b, symbol )

[ e

(company ' battalion ' “group) (19)

Larger units are identified by one or more letters X. Refer to Panel 1-1. Place

the appropriate size identification on the units indicated below as required.

BRIGADE DIVISION CORPS

ARMY ARMY GROUP

1—17




(military symbols) (30)

FRAME 31.
Panels 1-4 and 1-5 describe the main military symbols used on situation

maps Aancll overlays. From Panel 1-4 and other panels, draw the symbol which

would show the future location of the 2d Infantry Bn Headquarters.

(7062 1V) (41)

FRAME 42.
In the lower right corner of the LEAVENWORTH map is a diagram showing

the Index to Adjoifiing Sheets. It identifies the sheet numbers surrounding your
map. Note that sheet number of the LEAVENWORTH map, 7062 IV, is in the
heavily outlined box. If you needed the sheet to the left of your map you would

3

ask for sheet number

1—18




(b. symbol) (9)

FRAME 10.
Refer again to State Route 92 on the LEAVENWORTH map. On the right

side of the road just above the word Knob is an orchard. qu do you know this

is an orchard instead of a vineyard or a woods?

a. color b. symbol
N
b4
o]
2
S
(brigade division : army group) (20)
FRAME 21.

In addition to size, the arm or branch of service of the unit is indfcated by a

symbol inside the rectangle. Refer to Panel 1-1. Which of the followmg symbols

represents an artillery battalion ? o

e

e

.’. ’ b. 1 C.

X o

1—19
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J1 )
- ( xZ ) (31)
[ ] | -
FRAME 32.
Refer to Panel 1-4D. On a situation map, which of the following would show
the boundary between two battalions? . 2
a b. ¢
= .= X
2
3 '
(6962 1) (42) - Q\ : ' ” .
~ FRAME 43. 5 ‘
: Examine the numbering and you will see four “7062” maps in a group. The ~ ° |

upper nght one is labeled I and the others increase clockwise (II, III, and IV). !
To the le(ft of 7062 IV is 6962 I. What is the sheet number of the next sheet to | ’

the left of 6962 I?
4. 6962 III b. 6962 IV c. 6862 I d. 7062 1V .
AY

P




(b. symbol) (10)
FRAME 11.
Refer again to the orchard near State Route 92. In the eastern (right)

v

half of the orchard, find the figure 1100 inserted in a brown line. This means

that the hill along that ‘particularNjne is 1100 feet above sea level. You can

tell that the 1100 means elevation rather something else because the number

is printed in a color.

»

Turn back to bottom of page 1-1 for frame 12

v

(c. . The round black dot means artillery and the two lines indicate
a_battalion.) (21) O
' FRAME 22.

Refer to Panels 1-1 and 1-2. Using what you learned in previous frames,
which of the following symbols would identify the 14th Armored Cavalry
Regimens,‘ 7th Army?

8. ga, X b. p 111 c o
MK 0K COt
Ya 14/7 " 14/

Turn back to top of page 1-2 for frame 23

: 1—21
. AR




(a. ) (32) S ¢
FRAME 33. i
Again refer to Panel 1-4D. Draw the symbol that would show the defensive

area held by B company, 2d Battalior, 3d Infantry.

Turn back to bottom of puge 1-2 for frame 3}

(b. 6962 IV. If you didn’t select this answer, the dxagram below lllustrates
the numbering.) (43)

oS IR
%) %o}
& |

FRAME 44.
In addition to the sheet number, a serles number assigned by the U. S, Army

3

Topographic Command (TOPOCOM) gives coded information about the map

sheet, such as the region of the earth where it falls, and the scale of the map.

The series number is printed beneath or next to the sheet number. The series
number of the LEAVENWORTH mapis ___ . .




[}

(VI18) (44)

END OF FRAMES F(,)RUPART I

4
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PANEL 1-1
UNITS AND INSTALLATIONS ARM OR BRANCH OF SERVICE
Geomatric figures form the basic symbols used te represeat units
and installations. Examples of the more commen fgyres are as follows: Arm or M Symbot

A wnit (a rectangle) Arwor

A fleld headquartars or headquarters sche-

Tos of @ unit (Staff s always to the left) Army Security Agency

L Ax sbeervation o listening post Artiliery
vq’f _' -
- Combat srvice support slements ‘
U. S. sombet xails (bripeds
:r’u':u end belovw) ¢ Chemicel (C3R)

o

Coast Artillery

A legistical installation er ectivity:
(Foreign Armies only)
A

A sombeat service sxppert unit

thst performas duties as o part Cavelry

of ¢ fiold army support commeand (Reconnaissance)
A headgquarters or headquarters

schelon of o fold army sxpport + Ingineer..

commend combal service suy- *
port undt. (Staff s alrcays to the
left)

Ambaun(a'nppoﬂuu
that performs duties within the

[

Fiovance (Pay)

TR HNNod-T0

oommunications zome Infentry

A hesduarters or Aesdquarters

¢chelon of & combat service sup- . ’
. it withi: 7 .

port unit within the communios- Hedicel

-

. Hons sone

SIZE INDICATION

Te show the size of a apecific unit or activity, the appropriste sise
indication is placed on top of the basic symbol

-

MilsStery Intelligence

8quad ° Militery Govermment

Section or unit larger than squad but smaller er Civil Affeirs

than a platoon [ 3} .
Platoon or Detachment e 00 Militery Police

Company, Battery, or Troop 1
Ordusnce
Battslion or Squadron 1 /

Group or Regiment m

° Postel
Brigade or Equivslent Command X
Division X X Quartermaster B
Corps , XXX
¢
Army . XX XX Signal
, Army Group XXX XX .
Trensportetion

.
e A ]
- b Veterinery

{A platoon) (A company (A corpa headquarters)
observation post)

JEWHDEEYEHEXNE BNBREED

v 1—24

ERIC 30

Aruitoxt provided by Eic:
< . . .




k PANEL 1-2

UNIT DESIGNATION AND BASIC SYMBOL

To indicate a particular unit or installation, the parent unit designation is placed
tmmediately to the right of the basc unit or installation symbol, additionally, the parent unit
may be underlined. Higher echelons of command fullow to the right of the parent unit designation. v
To the left of the basic symbol, subordinate units are shown. Slashes separate command echelons.
Only cardinal numerals are used. The arrangement of varicus combinations of symbols to depict
specific units or installation is shown in the following diagram:

SIZE
SU8T  /suB-  Jsus | BRANCH OR HIGHER
sus /sus. /oRor | " ouTy " | PARENT UNIT/ ECHELONS
Sk / ONIT PERFORMED OF COMMAND
ADDITIONAL
INFORMATION

If only one type of unit is assigned to a military organization and if the unit iz
adequately identified by other military symbols, its designation may be omitted.

21
. 3 U Armered Rrigade i 3 Nedtwm Trasspert Company
02 2 Ao Irruea @ (Separsie) Gh Corpe 3 2 19 (Fusd Wing) 1M Tramspacustion
SEP &5 Avisties Batialion (see app. VI)

12 Hoodnaariors sed lradpmerters ’/“-,“ 168 Armared Catvaey
LU B mpany 118 Aclarne Dromos ! Retimest. 70 Arwy 1A Traasperiatios ekcopior-

IIQ/E) Company (Heary), 19¢d

ag Transpertation Arvistion
® |g2 Hendyvarters Irvimen s/'? €2 Artillery Geswp, T Corpe HY Croup (ses 039 V1)
| e Ariiery 24 Aurterrse Dryiowa

$44ts Eagineer Cosotruction

i e [& i Lo [ o
10t Air Def ] H (ompary KA T sl
V 7 MA‘:-y hand Avlstiea Crevp CONST
1R 42800 Uump Track Com
L)% s EI CR—— [ Joo/ "t sz v

oP TRX

XX XX
. N X ¢ v . 182 L [
s " ;l:.'.l.::.:‘m } < FCAV 194 Covaley Armppile Diviaton 162/ 8 %n1ad Dvr (Mechh
AN, . 8 & .

125




PANEL 1-2 (Continued)

COMBAT ARMS REGIMENTAL SYSTEM (CARS)

Sometines, parent units are identified by a combination of unit designations. Such a
procedure Is employed by many units within the U. S. Army and is known as the Combat Arms
Regimental System (CARS). Under the CARS system, parent units are designated by both
the batta..on (squadron) and traditional regimental numbers. To avoid confusion with different
levels of command, both numerical designations are always written together and separated by
a dash rather than slashes. ' .

1a4 Receonsiansacs Sevadron,
3¢ BaMtadien, Choorvation Post, 1 Poed Traine, 34 Taak Battalies
[ wacmwns Ly RIS i
1ot Battalioe (Mochentsed), G402
WA xx Headenertors, Hesdausrtors @ I o~ g M Bstulien (Rewt dehe)
[+ Compeny and Bond, £34 '-54/'3/3 s 3-8, i Arvien
NWX A P ©  Armered Division. .

Company A, 30 Rattalien,
Ar| SPT {2 Alr Eqvipment Support .'3%1 34 Armar, 210t Armeced
€ouip 1ot ;:'—.‘" 181s¢ Atrbecne A ©  Divieia

-w

Py
{




PANEL 1-3

LOGISTICAL AND MEDICAL INSTALLATIONS

Designation Symbol Desigration . Symbol

Petroleum, olls and lubricants —

Ammunition — any type Army — Aviation

Ammunitien — Air Force Solld fuel
Ammunition — Army Aviation Repair parts
Ammunition — Artillery Topographic
Ammunition — rocket and guided Traffic
missile

Ammunition — special Water
Ammunition ~— small arms Parking

Food Supplies Class IT and IV

Graves service Collecting points:

® O0QPOOOE®O®

'
&, Civilian

el CCEERIEIE

Hoaepltal, ald station
. coLL
Petroleum, oils and lubricants b, Prisoner of war @
Petroleum, olls and lubricanta — c. Salvage
Ailr Force . ' S
/
PIPELINES
Pipelines for refined petroleum products (indicate size in inches, if required) are shown as:
a. One line T o S o)
5. Two lines N o:o I o0 MR o0 I
e. Three lines XX XX XX
d Subﬂwrged (0110 llno) W
- 1 — 27




PANEL 1-4A
SITUATION MAPS AND OVERLAYS

1

COLORS
&. Colors in conjunction with military symbols denote the following:

(1) Blue or Black — Friendly units, installation, equipmaent,
and activities.

(2) Red — Enemy units, installations, equipment,

, and activities,

(3) Yellow — Friendly or enemy areas of chemical,
biological, or radiological contamination.

(4) Green — Friendly or enemy man-made obstacles.

b. If other colors are used, a suitable explanation in the margin or legend is given.

PRESENT, AND PROPOSED LOCATIONS

Basic unit and installation symbols are drawn with either solid or broken lines.
The lower left-hand corner of the symbol indicates the location.

a. A solid lipe represents a present or actual location.
b. A broken line indi¢ates a future or projected location.

1 rzaj
Examples: |© |
: :— —,
!
(The location of an infantry battalion) (The projected location of the hc.a,dqu.rton
) " of an armored division)
DATE-TIME GROUPS . : .

Dates and times such as the opening of an installation or the expected arrival of a unit in
a new location may be written under or inside the symbol. Date-time groups are used:

XX

Examples:
09 Py
14308 13 1800A

(Present location of an observation post which  (Future location of the headquarters of an
opened at 1430 hours, Time Zone B, infantry division which is scheduled to open

the 9th of the month).’ at 1800 hours, Time Zone A, the 10th of the

R month).
PRECISE LOCATIONS et

Basic symbols other than the headquarters s}mbol may be placed on a central staff
which is extended or bent as required. The end of the staff indicates exact location.

— é

Examples:

1—28 34




PANEL 1-4B

ENEMY FORCES

a., In general, the symbols shown in this manua! are adequgte for depicting both enemy
and foreign units, weapons, equipment, and activities. When representing unorthodox units and
equipment, the most appropriate symbo! contained herein shoujll be selected.

b. If only one color is available, enemy symbols are outlined. with double lines.

x x "'1/";.."
Examples: A
1
(Enemy infantry division) (Enemy observation post)

e. A question mark used in conjunction with an enemy symbol indicates unknown
or unconfirmed information. The position of the question mark shows what information
is unknown or unconfirmed. i
Examples: 1

siff 1) ?
(ANl information shown is unconfirmed) . ,
1
f @l
7 \
. (The unit designation of the enemy tank
(The type of enemy regiment is unknown) battalion is unknown)

CONTROL POINTS

Control points are drawn on the selected terrain feature and identified"as shown below.
Explanation and Remarks : Symbol

A check .point consists of a circle
inclosing a selected terrain feature
with a number placed inside the circle

(The size of the enemy infantry unit s ‘..
unconlﬁlrmed)

A.cbordination point is shown by draw-
ing a circle on the selected terrain
feature and placing an “X” in the
center. Coordination points are used
in conjunction--with-boundaries to
designate defensive areas.

Examples:
FEBA ® ® FEBA CcoP ® ®COP

Forward Edge of the Combat Outpost
Battle Area. N ' )
K] ¢
FEBA W FEBA GOP ® ® GOP
Trace of the Forward General Outpon}

Edge of the Battle Area.
1-—29




PANEL 1-4C o
SITUATION- MAPS AND OVERLAYS

FRONT LINES

8. Front lines are marked by a series of lines which curve away from opposing forces.
If only one color is used, enemy front lines are represented by double lines.

\ Y Y
N ATA

b. Thinly held or patrolled parts of the lines are marked as a series of dots. If only one
color is used, thinly held enemy lines are reprpunted by open dots. The dotl do not indicate
strength or location of patrols. N

1 (

Example: © 00O OO o

OBJECTIVES

Objectives and intermedhte objectives are inclosed and identified by the abbrevhtion OBJ
and a number, letter, code name, or unit designation. ‘

0BJ
Examples: 2-16 INF

ASSEMBLY AREAS (UNDEFENDED AREA)

Aiaembly areas are inclosed and the unit symbol is placed in the center. P:oposed
assembly areas are shown with broken lines.

- - - \
“ / -0 \\
E les : ]
. \ //
N —— e

(Assembly Area, Task Force, 3d Tank (Proposed Assembly Area, Task Force,
Battalion, 33 Armor) 8d Tank Battalion, 33 Armor)




. PANEL 1-4C (Continued)
AXIS OF ADVANCE

a. Anaxis of advance is normally assigned a code name or unit designation. The open
arrow indicates the general route to be followed. A proposed axis of advance is shown in broken
lines and Jabeled with the time or condition when effective. The point of the arrow touches

the objective.

-

“Example:

b. To differentiate between a ground axis of advance and an air assault aris of advance,
a twist is placed in the shaft of the open arrow symbolic of a propeller.

T~ 0BJ

Example: 6 .

- (Afr Assault Azis of Advance)
. DIRECTION OF ATTACK AND ROUTES OF MARCH

. A direction of attack arrow is not labeled. Routes of march (advance, withdr.wal, rr;uln
supply, etc.) however, are labeled with their purpose and code name or unit designation.
The arrow follows the specific route.

Example: -
ROUTE OF MARCH, 3-52 INF

CONVOYS

a. Convoys of vehicles are represented by an arrow in the direction of movement; the
point of arrow indicates the location of the head of the column.

(If the convoy is halted, the arrow is shown
facing toward the rear of the column)

b. This symbol may be shown with the appropriate vehicle symbol fo indicate the type
and number of vehicles in the column. Likewise, the date and time may be added.

Example: [:>
122509252

(A column of 12 medium tanks at 0926 2
hours on the 26th)

Examples:




| PANEL 1-4D
DEFENDED AREAS

If an area is occupied and defense of the area is prepared, a line including the gize symbol
of the defending unit incloses the area, the closed side of the symbo] is oriented toward the
most likely enemy threat. If desired, the military symbol of the defending unit may be entered
in the center of the inclosed area.

»

Examples:

o000 Naole—ao ~

(Defensive area, 2d Platoon, C Company, Proposed (Defensive ares, B Company,
1st Battalion, 6th Infantry) 3d Battalion, 52d Infantry)

.
LATERAL BOUNDARIES
Boundaries are marked by a solid Jine with the size indication of the unit shown at
convenient intervals. The designations of units supplemented by arm or branch and national

designation, if necessary, are placed on either side of the size indication. If a lateral boundary
separates units of unequal size, the symbol for the larger is used.

Examples: .

| g 301V | X2 3 X 14ARMD CAV

(Boundary separates 1st Corps  (Boundary uplr;tu 1st and {Boundary separates 3d

and 3d Division) 2d Brigades) Division and 14th Armored
. : Cavalry Regiment)

If a rear boundary is shown, the size indication along the boundary corresp:; .ds to the
smaller unit or, in other words, to the commanded unit and not the commanding unit. Arm
branch ahd nationality of units are shown when required to prevent confualon. {

REAR BOUNDARIES - >

Examples: .
43 ] |4 ARMD CAV
X ]
5 CORPS . 5 CORPS

(Rear boundary separates 43d Division (Rear boundary separates 14th Armored
and 5th Corps) Cavalry Regiment and 5th Corps)

\




PANEL 1-5A

FORTIFICATION AND OBSTACLE SYMBOLS

FORTIFICATION SYMBOLS'

}

Fortification _Symbol Fortification Symbel
Weapon slit, foxhole I I - Trenck with firing bays ' I I l I I
or emplacement r
Two emplacemente 2 rT] Dug-out .
of light machine gune

I § I Surface shelter
Emplacement for a 4 .l
four-barreled heavy (above grownd)
machige gun
Three foxholes { 3
ettt 32 Underground hatee | |
Any trench system ' I , l I | Pill box or casemate D

OBSTACLES OTHER THAN MINES '

. Obetacke Symbol Obstacke Srmbl
Road blocks,
Demolished area. ; and blown mﬁ?ﬁ"
1 ——
—
Tank obstacle, type < > H>— —_—
NI
Tank wall or bank ——-/\-—-/\—-
Completed
Tank ditch VvV
: Wire .
Tank ditch covered E Type unspecified XX XXX

Stakes, or rails or

KX

NIy

wimilar obetacles Concertina, single
Tetrahedron, dragons’ teeth and other Concartina, multiple wﬂ%
simiiar obetacles
Single tence FHHHHN-
Fixed A
Doube fenes IO =
Fixed and pre- A
fabricated Double apron fence 606000¢C -
Movable VAN Low wire fence XXX XX
' High wire { XX XX
Movable and A gh wire fence
Pf'flb’ﬂuud Tripwire ‘ |
1—33




PANEL 1-5B
- MINES o, .
Explanation of ’ Explanation of
Symbeol Symbeol Symbeol Symbel
4 . . ' _,‘ S
\ ' 77N
A Mines, type unknown Cluster of mines C__)
4& ! ' ’
' Minefield '

400

Mines, antl 1
nes fn personne Minefield of 400

mixed antitank and
antipersonnel minea

Mines, antitank .

/‘)
Minefield of 600 o ’
antlta:k r:lnee u

Boundaries
Unfenced antitank M~ @ M .
minefield ) \M“/ o

M
Unfenced with M/ \
type of mines
unknown \

L d

Mines, antitank,
boobytrapped

Double antitank mines

antitank mines

Boobytraps

Antipersonnel. mines °
connected to tripwire
(%3

~
Row of antitank mines —“—“

O
@
®
|
®
Boobytrapped double N E T
S
—+@

s

Row of antipersonnel m_‘_
mines * .

-

1— 3&«7




o PART I ‘

» LOCATION

) Set 2-1. POINT LOCATION BY GRID COORDINATES

FRAME 1.
A grid is a network of evenly spaced horizontal and vertical lines. These

lines form squares on a military map to help locate p<-)ints (targets, road junctions,

command poests, and so oh) quickly and accurately.g The grid an a map consists
lines.

of squares formed by and

y

>

“(a. 3553 (If you marked 5335 you made the mistake of placing the northing

number first)) (14)
t

FRAME 15. ’ e
Flnd the Federal Penitentiary located just north of the city of Leavenworth.

What are the grid coordmates of the grid square in which most of the penitentiary

is located?

a. 3256 - b 335 o. 3454
¥ -




(a. 352578) (28)
FRAME 29. ‘
Practice what ypﬁ have learned about writing grid coordinates. Write the

~

6-digit coordinates for point E.

58

T T T T T T T
S i i e ol e i e o N ,
-+ 4+ 4+ + 1 ) :
- + A+t o |

SR SRR :
- b e 4 e ‘
SN S S A RN
g S A
-+ ++ A+ 4
=+ 4+ 4+ + +++ 1 %

/ 57 1l ) .
35 36

(b. 3855) (42)
FRAME 43. . .
The 6-digit coordinates locate points on the LEAVENWORTH map to within

~

: 100 meters of their actual location on the ground. Writing 8-digit coordinates gives
10-meter accuracy. In‘8-digit coordinates the 4th digit is added to the left-to-righf
reading.and the 8th is an addition to the __* - reading.

L




i
!

(horizontal, vertical) (1) . .
FRAME:2. INFORMATION FRAME. :
The horizontal and vertical lines are numbered ,in sequence. In the figure

below, the vertical grid lines are numbfared 33, 34, 35, 36 and 37, reading to the
east from left to right. ‘Because they measure distances eastward they are called
‘“eastings”. Reading north, from the bottom up, the horizontal grid line.s are
numbered 54, 55, 56, and 57. Because these horizontal lines measure distances

northward, they are called “northings”.

2

. )
57 -
. 56 ,
55
54

"33 34 3 36 W

(b. 3355 (Grid line 33 (to the right) and 55 (up) cross at the lower left corner
of the grid square in which the major part of the penitentiary is located)) (15)

FRAME 16. ‘ ,
Locate grid square 4466 on your LEAVENWORTH map. What is the name

of the church located in this grid square?

kv a3 ' ,




-

(355576 (If you did not write this number correctly, turn back to frame 13 and
review the steps)) (29)

FRAME 30. .
‘ Any scale or rule that divides the side of a grid square into tenths can be -
used to read 6-digit coordinates. Look at the plastic training aidy provided with

thiS text. Find the two L-shaped scales divided into tenths. These scales are used

'

to read 6-digit

Set 2-2; RELATING POINT I.OCATION TO THE MII.ITARY GRID
REFERENCE SYSTEM

‘ (bottom-up) (43) o
, FRAME 44. I'NFORMATION FRAME.

T, In the following frames, you will learn how your LEAVENWORTH map ﬁts
mto the total mlhtar) mappmg program — the Military Grid Reference System.
Usmg the knowledge of the Mlhtary Grid r{eference System, you will then learn
how to repbrt “your location on the LEAVENWORTH map to a distant head-

quartel‘s or unit. - : < ‘ .
. i 4 ]

v




(Go on to next frame) (2)
FRAME 8. '

Find the numbers for the grid lines on your LEAVENWORTH map.- The line
numbers are printed in the map margin and also in heavy, black type in the
middle of the map itself. Reading from left to right, the east.ings are numbered

from _________ to 49.

.

‘(Flintlock Church) (16) * | .
FRAME 17. / . ~
- On your LEAVENWORTH map, what school is located in grid square 41557

-
B . -




(coordinates) (30) -

FRAME 81. y o ’ \ ‘
Fmd grid square 3847 on your LEAVENWORTH map. Place the cobrrect

bshaped scale of your plastic protractor exactly over the lines wh1ch form the

gnd square. Which of the two scales on tHe plastic protractor fits exactly"

a. 1:25,000 b. 1:50,000

Xt

=

¢

(Go,on;to next frame) (44) ,
FRAME 45. '

The standard Military Grid Reference Syst‘em divideg the earth into zones
and tiers (see Panel 2-1), The zone reading “to the right” is in numbers, 1 to 60,
and the tier reading “up” is in letters, A to Z (without the I and b)l The eombina-
tion of zon‘e number and tier letter is called the GRID ZONE DESIGNATION.
The grid reference %ox on the LEAVENWORTH map (center of bottom margm)
explains the GRID ZONE DESIGNATION for the location of the map. What 1s
the GRID ZONE DESIGNATION for the I.eavenworth -map?

a. 403622 b.. UP . e 158

.
£




(28) (3)
FRAME 4. , _
Reading up froth the bottom of your LEAVENWORTH map in the right

margin, what are the numbers of the northings?

3

a. 5 todl b 46 to 73

(Eldorado) (17)

FRAME 18. ; v
On your LEAVENWORTH map, what school is located in grid squai‘e 45507
1 < : %

“l

D N




" (b, 1:50,000) (81)

FRAME 32. ' . . .
The sketch shows how to place the scale for the left-to-right reading at the
imaginary line inside the grid square. Notice that point A is 7, 10, of the distance
from line 38 to 39. What are the first 3 digits of the grid coordinates (left-to-
right reading)? '
. . ‘ )
a, 381 , . b, 385 c. 387 }
~ [e]
=3 S
1
O
»
NTTTT T i
. 0 3853 39 ,

(c. 158 (Numbers to the right (column 15) and letters up (tier S) (Panel 2-1))
(45) g

FRAME 46, . \
The grid zones are further subdivided into 100,000-meter squares identified
by two letters which are also read to the right and up (see panel 2-2). The grid

reference box identifies the 100,000-meter square in which the LEAVENWORTH

map falls as ! .




(b. 46 to 78) (4) ¥
* FRAME 5, , .
You always begin to locate points by, beginning in the lower left corner.

N First, you read the eastings from left to right. For the northings, you read from

the bottom . ,

{Lanter School) (18‘

FRAME 19, ]
Four-digit /grid coordinates’ locate a grid square. Six-digit coordinates pin-

point objects inside a grid square. For example, 3625 locates a square and 868254

locates a road junf:tion inside that square. The number 8 is addéd as the third

digit; the number 4 is added as the : digit. RN




J
(c. 387) (32)
FRAME 33.
Point A is in the same,locat'ion as before. The scale is placed correctly for
the bottom-up reading (Jast 3 digits). Whuat are the 6-digit coordinatés? . ,
a. 387471 b. 387475 c.. 387477
PN .
= Eol—
AL )
\ . -
/ ~N 'v'v" 'l"'l'l'l'l'
) : 10 5
‘ T3k 39
(UP) (46)

FRAME 47. . : oL /

The outline of each of these squares is an even 100,000-meter grid line with
the numbers increasing to the right and up (Panel 2-2). The left easting of the

marked square UP is 300,000 meters east. What is the right easting of that
équare?

»

»

¢

a. 200,000 meters east b. 300,000 meters east c. 400,000 meters east

’,

-




(up) (5) o
FRAME 6.

‘ Every grid square has a 4-digit number, ‘such'as 3354. The first fwo digits
(33) stand for the correct easting; the last two digits (54) stand for the‘ correct

(6th) (19)
FRAME 20. ( : * ¢

The 4-digit grid coordinates 4659 locate Platte City on your LEAVENWORTH
map. The 6-digit coordinates 468597 pinpoint a cemetery in the oIttskirts of the”
town. Compare 4659 and 468597. The 46 and 59 for the grid square are still in
the 6-digit coordinates. Which: digits have been‘added? \ ‘

a. 1st.and 4th b. 2d and 5th ¢. 3d and 6th

- -




(b. 387475)" (33) \
FRAME 34, , : .

" Now practice what you have learned by using the plastic scale to locate points
on your LEAVENWORTH map. Find gria square 4550, in which Lanter School is
located. What afe the 6-digit coordinates which locate Lanter School?

a. 451507 b. 455505 c. 457501

(c. 400,000 meters east (The LEAVENWORTH map falls in the 100,000-meter
square designated by the letters UP and outlined by ghe 300,000 and 400,000 meters
east lines and 4,300,000 and 4,400,000 meters north lines)) (47)

FRAME 48. L -
The grid line numbers 328 ""’"'"E and *347 00mN_in the lower left corner of
your LEAVENWORTH map refer to 328,000 meters east and 4,347,000 meters

!
north, respectively. These are the grid coordinates for the first grid lines in the

”

corner of the map.




R et i At ettt an i A s ]

(northing) (6)

FRAME 7. '
Every grid square number comes from the two grid lines which cross at the

lower left corner of the square. Point A in the figure below is in grid square

3354. In writing the grid square number, the number of which line is written
? ’
first ? _ i p

a. easting’ © b. , northing

57

56

55

*A

54

53
33 34- 35 36 37

(c. 3d and 6th) (20)

FRAME 21.
e grid square. The 6-digit coordinates locate

ithin the square. In the coordinates 469595,

the square ? and

218




(c. 457501 (If your answer was 451507, you reversed the 3d and 6th digits)) (84)

FRAME 85. ‘ R v
© - L4

On your LEAVENWOKTH mép, Flintlock Church is in grid square 4466.
What is its 6-digit location? |

. y
Y . - .

’4.
}
\S 1 § >

(lower left (southwest) (The coordinates are given in full in the southwest corner
of military maps)) (48) . »

FRAME 49,
On all other gz:id lines, the "OmE or 000mN are not shown 'on the map,.but are

understood. The 348 in the lower right ‘corner means ~———_ meters east.

-
-

*




(’a. easting) (%)

FRAME 8. ' .
Detex,'mine the COrr;ct number for the grid square contz;ining poir{t B. Start

from the lower left‘:. The easting which goes through the lower left corner of the

square is 34. Now, find the northing that goés through the lower left corner.

What is the 4-digit number?

1

.a. 3355 b. 3456 c. 3557
57 i +—
1
K 56 2o i
B
Lo —
54 4+ i
: |
. * 53 :
33 34 35 36 37 . 1
20 é . .
(3d and 6th (9,5)) (21) C
FRAME 23. ’ :

The first 3 ciigits of 8-digit coordinates are the easting grid reading and the
last 3 digits are the grid reading of the more accurate
location.

N -
»
{
|
" .
\
r .
2—15




(444662) (35)

FRAME 36.
Using the plastic coordinate scale find the point at 360706 on the LEAVEN-

WORTH map. What ground feature is located there?

a. cemetery b. road junction c. lake

, “igvn_ a9
' FRAME 50. INFORMATION FRAME.
When reporting your location (i{azelwood School 403622, LEAVENWORTH
* map) to another unit or headquarters which is outside your 100,000-meter square

or in another grid zone, or hoth, certain Procedures are necessary to properly

identify your position.




(b. 3458) (8)

FRAME 9.
Remember that the grid square is identified by the eastings (vertical grid

"' lines) andnorthings (horizontal grid lines), which form the lower left corner of

the sqdare. You write the number of the easting first, then the northing. The

number for the grid square containing point C-is

57

1

56

o~

554

JONI T

33.°3¢ 35 36 37

(northing) (22)
- FRAME 23:° N
You havé learned that grid coordinates with 4 digits locate a grid square.
The number 4659 located Platte City on your LEAVENWORTH map. Six-digif co-

ordinates are, as you have seen, more accurate. The two additional numbers

(digits) locate a point within the square.
.- s

Tz ‘n

2—17 -




(c. lake) (86)
FRAME 37. ) .
The 4-digit coordinates locate grid square 3847. The number 382475 focates
one of 100 imaginary squares at point A. If the grid were divided into 10,000
imaginary squares, how many digits would be required to.pinpoint B?
a. 8 w. . b 10 ' c. 12 |
o ‘© <
8
[ il
S
' S
\‘ ~r T
' 5 10 . -
, 38 39 - ¢

(Go on to next frame) (50) - -

FRAME 51. ~ ‘ .
When the unit to which you are reporting your location (Hazelwood School

403622), is in the samie 100 ,000-meter square, you report your location snmply by

stating the coordinates. You would report your location as




3~

(3555 (35 is the vertical grid llnez:\ 55 is tbe horizontal grid line)) (9)

FRAME 10. ,
" Find the number of grid square in which D is located. It is in square

.

57 N

564 °0

55

54 ;

53 : ‘

33 "34 35 36 37
¢

(grid) '(23) | - - S~
FRAME 24. ‘ ' . L

For 6- /dlglt coordinates, “the sides of the gnd square are dxvxded into tenths
with imaginary lines (shown as dotted lines here). 'i'hese"form 100 1magmary
smaller squares. What would be the 4-digit coordinates for the grid square shown

b Cs

below ?
a 3557 ! b. 3657 . e B735. ” S
' ‘ 84—
R .
A N

-

Ralear ot g o o b o
S i s ol S ol S
A ot e e tfeas oie e e ol
-+ + + + + A

.- ) . F-t++++ At
. ' B R o o e ot S

F A4+

57 I S U BN S S .
35 ) 3¢

2—19
59 d

LX2S




© . (a. 8) (87 . X
FRAME 38. : ' _

The 6-digit number for pomt A was 382475. The 8-digit coordinates for point _
* Blare 38274751 Which digits were added? . :

a. 1st and 8th ‘ b. 3d and 6th .C. 4th and 8th

»
-]

[=]

r 3

(403622) (51) ,
FRAME 52. , : : .

" In reporting your locatnon to a unit or headquarters outsnde your UP 100 000-
meter square but in the same grid zone, the '6- -digit grid coordmates alone’ could
refer to any one of several points in ,other 100,000-meter squares To avoxd

‘xmsxdentlﬂcatxon y0u identify your square by placmg the+letters

) precedmg,the coorgimates.,

- . ‘




(3858) (10)
FRAME 11. .
The’square, you have seen, has each time been identified by giving the number

of the easting first, then the northing, In grid square 3556, 35 would be the

" easting and 56 the ~_
- |}

(a. 3551 — lower left corner, easting ;\'qrﬁcal) first) (24)
FRAME 25.

. In grid square 3557, the 6-digit coordinates for point C are 353574. The third
digit means that point)C‘ is 3,10 of the distance from easting 35 to easting 36. The
sixth digit means that point C is 4, 10 of the distance from northing 57 to northing

%
»

o 58

Ao -
_ S ]
, ' SR AN A ST AN

S LS
RESNNSENNE i

J S Y S |

57

35 36 <

i «F




. (e. 4th and 8th) (88)

No matter how many digits are used, the first h‘alf of the coordinate numbers
locates the easting (left-to-right). The last half Jocates the northing (bottom-up).
The total number of digits in any set of eoordinates is always
a. odd } b. even - ) i
5
(UP) (52) -
FRAME 53.

In reporting };our location in Hazelwood School to a headquarters outside

your 100,000-meter square, but in the same zone, you would state your location

to be Y

2 —22
K2




(northing) (11)

FRAME 12. . .

Grid square numbers are called grid coordinates In whtmg grid coordlnatcs,
you write the' number of the eastxng first and the number of the ) A
next. L oo
\ ' T

) ’

(58) (25) e ‘
FRAME 26. : . -

Note that _point A is in ‘the center of grid square 3557 That is, A is 5/10 of .
the distance from easting 35 to easting 36 and from northmg 57 to northing 58.
. The 6-digit coordinates would be 35 . - 57 =

' “ . -
y -

S8 T

R o

B = I ‘

R S S
ek bbb ‘

N . = O

S R .

R

S LN IR =

A

T 57 [ Y N T | '..
35.‘?‘ 736 ' ot
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/ ordinates? . . . T . )

,

Aruitoxt provided by Eic:
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(b. even) (3;9) . ! ,
FB-AME 4. . ‘

" The 6-d1g1t coordmates ldcate pomts thhm 100 meters oi‘ their actual ground
location on the LEAVENWORTH map. The 8—d1git coordmates further divide
each 100 meters intp 10-meter umts What is. the accuracy of. the 8-digit co-'

'
<

s, 10 met'eps b. 20.meters | :'c‘ "50 meters ' T ,:a
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, . . . oo
" FRAME 54, - . SR I . , .,

Hazelwood School, the sample pomt in the grxd reference box, can,be located

in_ the 100,000-meter square in two wayS' exther by 340 300 meters east by A
. .
4,362,200 meters north ‘or by the letters and gnd coordmates ‘e :--' N '
v s ! ’
3 1 - - v e )
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(northing) (12) :
FRAME 13. B .

The numbers of the eastings and northings which identify a grid squtare‘éx:e
called the grid, ' B ' '

¢
-~

(855575) (26) ' ' .
FEAME 21. S L,

' You learned that point C was on imaginary eas_thfg 353. The last 3 numbers
in 6-digit coordinates locate the imaginary northing. ' What would be the correct
6-digit coordinates for point C? . o ’

¥

a. 353572 ' b. 353574 - e, 358576,

58 ; T T - 2 . T
Lt +J—+++- ' R
‘—+++++++++- \ ST oL
g B ol o o ok ol o o ol e vt S . . ,
L -—++++ ++++J ﬂ o o
. A S e o o C S =
g ' R R : A
Y | ok A S o o o I _
-+ 4+ 4 A+ T '

Ftt+tt At L
57 j . | A 1
35 . 36 ' ’

2—25




(;o meters) (40) _ o
FRAME 41, \

The 8-digit coordinates locate points to within 10 meters on the ground
which is closer than average user requu'ements and map accuracy warrants. The
" center of Terminal Bridge on your LEAVENWORTH map is 35655351. This
mgnber should locate the point.to.within __ meters of the exact

‘center of the bridge. .

\

1

(UP403622 (This is the shorter way of\f'_eferring to the coordinates in the correct
100,000-meter square)) (54). - . ‘ g N

FRAME 55. ’ . .

« . Now let us assume that you must report your location (Hazelwood School)
to higher headquarte whxch is not only outside your 100,000-meter square,but
also m anothei- gnﬂne In this case you would .Have to include the grid zone
demgnatlon the 100 (‘I‘OO-me’ter square, 1dent1ﬁcatlon and the coordinates of Hazel-

wood Schdol. There‘fore, in reportmg your locatxon to this hxgher headquarters you |

-, would state ybur location as P




(coordinates) (13)

FRAME .14. o '
Practice with the LEAVENWORTH map. Find Terminal Bridge, which

crosses the Missouri River near the center of the city of Leavenworth. What are

' the grid coordinates of the square in which Terminal Bridge is located?

-

a 3553 - b 5335

Turn back to bottom of pagé 2-1 for frame 15

(b. 853574 (Peint C is 4/10 ;)f the distance up from line 57)) (27)

FRAME 28, - .
You combine the 3-digit “right” reading with the 3-digit “up’” reading for

6-digit coordinates. What are the 6-digit grid coordinates of point D?

. 8. 352578 b 353574, c. 358572

f!
’ 5" T F T T 1T 1T T 7T

) B P AR e e e o
-+ %P 4+ 4
o e e e e
-+ -
. -+ 4+ -
. - k- o
- F b
-+ o -
HERRRRT RS

35, 36

. 57

Turn back to top of page 2-2 for frame 29
R i 4 * ) ' 2—2?

67




(10) ' (41) . ,

' FRAME 42. . '
You must estimate the position of the poin't between divisions on your co-
ordinate scale to determine the 4th and 8th digits. For the left-to- right reading
to locate point A, you know that the first three numbers are 385. Point A is half-

way (5/10) between the 500 and 600 meter division. rWhat would the first four
numbers be? - ’

/

2. 3850 ) b. 3855 c. 3857

>

l'l'l"ll]ll['l'll'
5

4 frrrrrTT
. 10 o]
. ’ ' s k14

Turn back to bottom of p(,age 2-2 for frame 43

(1.58UP403622) (55) R ‘
FRAME 56.. REVIEW FRAME. ‘

To review, the military grid system applies to the entire world and is divided
into grid zones, further divided into 100,000-meter squares. The LEAVEN-

WORTH map is in Grid Zone 15, Tier S, and in 100,000-meter square UP. See
Panels 2-3 and 2-4. >

-
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PANEL 2-2 |

MAP LOCATION WITHIN GRID ZONE
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PANEL 2-3 |
" MAP LOCATION WITHIN GRID ZONE

(LEAVENWORTH MAP SHOWN IN o (
UP 100,000-METER SQUARE) '
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PANEL 2-4
SUMMARY OF MILITARY GRID REFERENCE SYSTEM

a. Military Grid Reference System.

You have seen that a Military Grid Reference System a_.ppl'i‘es to the entire

world. :

b. Grid Zones.

The sy}stem is composed of vertical columns or grid zones identified by num-
bers, and horizontal tiers, identified by letters. The combination of numbers .and
letters, for example 18M, 158, etc., is called the Grid Zone Designation.

e. 100,000-Meter Square ldentiﬁ'ca.ti'on.,

Each grid zone is, in turn, dmded th 100 000- meter squares, identified by
_pairs of letters, such as TP, UP, VP, etc

. d. Map Areas. - s

The areg.of the Fort Leavenworth map is approxxmately 21, 000 meters East-
West by 27,000 meters North-South. A n;ap may fall entirely within one 100 ,000-
meter square, or 1t may contain portions of‘more than one 100,000-méter square. .
The grid reference box in the lower margin of each map sheet tel}s you the correct
100,000 meter identification for that gh:eet, and the correct grid zone desiénation.

v o e -
- . -

w1t . ~

.
da




R . . PART Il ‘
5 L oistaNee .
s;tva_-i. DETERMIN!NG GBOUND DESTANCE BY REPRESENTATIVE ,
= L A ' FRACTIONS (RF) - | ‘
FRAME 1. o A . - 4

"

Any sp.eciﬂc di&tance on 8 map represents a specxﬁc dxstance on the ground.

For example, 1 inch on your LEAVENWORTH map (map distance) equals 50,000
mches on the ground (ground distance). The relation of these two distances is
" called the map's scale or representative fraction (RF). The scale of a map ig the

relation between map distance and distance.

Set 3.2, SCALES OF MlI.ITARY MAPS

-!

(». 2.5.- 250,000 cenﬂmeters eqnals 2,500 meters-or 2.5 km. 250,000 cm -+
. 100,000 cm per kilometer = 2.5 kilometers.) (8)

FRAME 9. )
In previous frames, you have learned the purpose and use of map scale.

Military maps are clgssiﬁed_according to sgale as follows:

” . .
— or smaller K ’ ‘
600,000 ,
" 1 1 .
medium — between and
X 600,000 .
large — or larger
-+ 75,000
The military map of a scale or smaller is classified as
. 600,000 -




 (Hek nﬁﬁs) 16) N\ -

FRAME 17%. ,
To determine the distance in miles (and tenths), you move down to the bar

scale marked in

£

a

(c. 5900. The distance (on the bar scale) measures about 1970 yards, and con-
verts (3 X 1870) to about 5900 feet.) (24) ;o

FRAME 25,
You often have to measure the length of curving section of road: ‘To do

this, you “straighten out” the curve by ticking off short str;ght segments in
sequence on the edge of a sheet of paper (Panel 3-7). The equivalent straight
line distance of the curve can xow be measured on the bar seale. For example,

a sharp curve will require which type of adjustment ?

a. shorter segments\ b. longer segments ¢.. varied lengths of Segments

'




g,

(ground) (1)
FRAME 2.
The map scale or RF may be written as a ratio, 1:50,000, or as a fraction,
1 (map) .
. Both mean the same thing. How is the scale written in the
50,000 (ground)
ma;'ginal information of the Leavenworth map?
“ 1
a. "1:50,000

50,000

(small scale) (9)

FRAME 10,
The larger the denominator of the RF, the smaller will be the scale. Why?

1
is a smaller value than — ——, just as Y4 of a pie is a smaller
600,000 75,000

piece than or Y. Which of the RF's is the smallest scale?

Because

1 1 1
a. - b. c.
25,000, 50,000 100,000
Y 8 — 3
76




(miles) (17)
FRAME 18.

However, you see that the distance between the two ticks is longerk than the
bar scale. Therefore, place this right tick on the right end of the sca'.le (lat the
3-mile point). Mark the left end of the bar scale (marked with a 1) on the paper’s

edge. You have now marked __ miles of the distance. - .

oAt

(a. shorter segments. Each segmenf should stay ‘within the road limits. A too
long segment will result in a too shart distance.) (25) ’

FRAME 26. L )

On 3;01_11' LEAVENWORTH map locate the junction of routes 45 and 92
(388588). Route 45 curves from this poirit until it reaches the north-south road
out of Weston (3646523. _Using the guwed-road measuring technique, what is

the measured road dista_n’ée, in kilometers?

a. 6.0 Cob12 c. 83




¢

L4 <

v L2

(a. 1: 50,000 Other maps ‘may use the fraction) (2)
FRAME S .

If 2. map were drawn w1th a scale of 1:2000, how many inches on the ground
would 2 mches on the map represent? On a map of the same scale, how many

centimeters on the groqnd would 2 centimeters on the map represent 7,

-

Inches: & 1000 b. 2000 c. 4000 . %
Centimeters: a. 1000 b. 2000 c. 4000 |
’ 2 REEE ‘ -
. 1 o ",, T ' . ' :‘_ . .,.-’
(c. ————. ‘Thig is the smallest fraction ‘i ‘the ‘groupy (10Y
100,000 A I I R RS
FRAME 11. AR ) Do {z; CE e S

" You learned that 5 centxmeters of a map distance equﬁls 25 km of ground

distance at a scale of

‘r

‘50,000 | S

Ty
distance) between two towns on a smaII-scale map of ~—+—-—r——, what would be

-

- 1.00
the ground distance in kllometers" . ,
a. 25 .b. 50 e 15
. kS
! , A
. . o “ _ . 88
. o~ ‘ } 78 " :

e




) (18) . . : ’
FRAME 19, L .

Next slide tl;is new mark to the right until it falls on the mile graduation
that permits the’ original left tick to fall within the tenths qf a mile scale. Read

LY

" the valie. It. will be miles.

”~

Y

i

Set 3-4. DETERMINING UNKNOWN SCALE OF MAP OR PHOTO
(c. 83) (26)-
FRAME 27,

Yon may find maps, sketches or photographs whose scale is unl((nown You
can determine tlie scale if you can identify objects or features with known

measurable dxstances For example, your map of ufiknown scale show; a church
** located cloge to a crossroad near your unit. The map distance is 1% inch. You

' then measure the actual ground dmtance between the crossroads and church

% and ﬁnd it to be 100 yards (3600 mches) Therefore, 1/2 inch map distance equals :

3600 inches ground distance, What is the RF of the map? .
! 1 . . R - 1 -‘n R 1
P SO ‘e
« +! 3600 o 7200 Y .. 12,500 ‘ .
"" . k ' . v .
3—6 "/9 . '

{




. measure for map dlstanCe (centimeters or inches) “and a dlﬁ"erent measure for

..(b. 50. 5em X 1,000,000 = 5,000,000cm = 50,000 meters '50 km.) (11)

“medium —

(c. 4000 inches, 4000(centimeters) (3)
FRAME 4. ) )
You notice that inches or centimeters on the map represent inches or centl-

meters on the gr—c;xnd Sometimes map readers make the mistake of using one

ground distance (meters or yards). Panel 3-1 tells you how to convert from

one unit to another. If a map distance is mehsured in centimeters, the ground

distance will be measured in

a. kilometers b. meters ¢. centimeters

L)

v

s

FRAME 12.
fThe standard Army map scales are:
‘ 1 ) i ~
small — —— Yo
1,000,000
1 ) -

250,000 " A
2N )

large — .

50,000 1
What scale would be used mbstly for strategic st‘udies (covering large areas)

by commanders of larg:'e units?

a. small ' b. medium ' c. large T

w




[2

(2.2) (19)
FRAME 20,

_ The; distance (from Iatan to Weston) required is the sum of the 4 miles you
first ticked off and the reading 'from the last frame (2.2 miles). The distance
along the railroad between the two locations is

™~
<
1 MD 1, inch ' 1

(b, ——. RF = — = A or RF = ——) (27)

7200 GD 36@ inches 7200 Yo

FRAME 28, :

Map distance

: , measured in the same units, will alwayé gi‘ve you the
Grotnd distance ’ :

of a map or photo.




(c. centimeters) (4)

\FRAME 5. . N
Ve map distance MD :
RF stands for a fraction or or — (see Panel 3!2). Thus, 3
' ground distance = GD
MD 1 centimet 1inch  _ Co
RF = — = nimerer or . . Both distances must be in

© GD 50,000 centimeters 50,000 inches

the same units of measurement. Which /of the following,is correctly written for

a map scale of 1:25,000?

1 , 1i 1i

b RF= —"_ ¢ RF= —— %
25,000 25,000 ft 25,000 yds

a. RF =

<4 " s ‘ s~
v R ' “

Set 3-3. DETERMINING GROUND DISTANCE BY BAR SCALE

(a. small. The small-scale map ( ) would cover the largest area of

1,000,000

“
4

ground on each map sheet.) (12)
FRAME 13. ) )

Bar scales (see Paneg 3-4) are printed on military maps to provide another ,
way to determine ground dlstances from the map information. The bar scale is )
the ruler, graduated in miles, meters, and yards, which appears in the bottom
margin. The bar scale shows how much ground distance is represented’ by certain
lengths of map distance. How many meters of grouﬁd distance does the complete T

meter scale represent?

a. 4000-‘f ' b. 5000 c. 6000

\ . ‘ 3—9




- , _ ¢
62) 200 -, , '
FRAME 21. - ' . : (

For even longer dxstamces in mxles _\,ou would ﬁrst tick mark as many 4-mile
steps as possible on the edge of your paper Then, to measure ‘the additiohal
" distance to tenths of a mile, you would as beforé, slide your paper to the right to
the mlle mark’on the bar scale (0, 1, 2, 3) which causes ‘the remaining distance
to be measured fo fall within the __ of a mile divisions of thé bar scale.

. Panel 3- 6 tells you how ta determiné distances to woints that fall outside yoUr

~

map sheet.. . ’

/ & »

A.(Sca'le) (28) -
< pRAME 29. . T I
" You can also determine Lhe scale of a map or photograph of unknown scale

b}; comparing it with a map of the same area whose scale is kriown.' Remember the

1 : ’ .
—=——— 3cale map where the map distance between two road intersections was S
50,000 . -~ . . .

5 centimeters? The actual ground distance betwe'é’?the two intersections would
be 5em X 50,000 or 250,000cm. If you locate the same road mtersectxons on‘the ,

map of unknown scale and find them to_be 20cm apart you can use the ground

N 1 MD
distance obtamed from the ——— scale map in the scale formula — = RF to
. ] 50 ,000 | GD

find the scale of the unknown map. What do you determiné this RF to be?

1. 1 ® 1 ' '
a. . b c. ——
12,500 25,000 N 200,000
.o yo. 7 .




*

‘a. 3 ) b 4 - ¢. 5

-—

. In using RF’s, remember that the units mus‘t be the same.) (5)
25,000 . oo

FRAME 6.
In usmg the scale or RF to "find the ground distance (GD) you ﬁi'st measure
the map dlstance (MD) The sketch shows two rodd junctions as they appear

on a map. If your protractor has a< centimeter scale, use it to measure the distance.

(a. RF =

If you do not have a centimeter scale, Panel 3-3 tells you how tp use your map
to obtain centimefer measurements. .-What is the map distahce; in centimeters,
between the road junctigns?

«.

(c. 6000. The zero of the bar sca.le is not at the left end. From the zero, there
are 5000 meters_(graduated in 1000-meter unjts) to the right, and another 1000
meters (graduated in 100-meter units) to the,’lﬂt The comblned length 18\6000
meters.) (13) , — '
FRAME 14.. o

You normally use the bax’ scale by “taking the measured map distance to the
scale”. One good way i to tick mark the map dxstance on the edge of a sheet
of paper. The measureJﬁnent lS moved and placed 8o that the 1ght end (tick) falls
on an even reading and the left end (tick) falls in the sxigdmded Section to the

left of the zero. The map distance shown in Panel 3-5 equals how many meters

of ground distance ?

RN

3.
a. 1300 1405 ; c. 1520

b. )
f\) r

¥,

™. g . Rd ’ .




(10ths) (21)
FRAME 22.

The bar scales aré handy rulers which help you to convert map measurements
to actual ground distance. iiemember to use the bar scale which gives you the
desired units of ground measurement. If you wa;g,; a ground distance in kilometers,

‘ ;ybu would use the meters scale in the map margin (1000 meters = 1 kilometer).
Me&Sure one side of a grid square on your LEAVENWORTH map and take 1t to |

3

the meters bar scale. How long in teters, is the side of & grid square?

a’ 500 b7 1000 . e 1500
P . e
E , .
<
\ N P
(8 1, MD _  R0em _ )() -
12500 GD  250,000cm 12,500
FRAME 30. , : )\ '
" The two steps of finding the ground distance and using the scg\le formula
(RF = ——) can be combmed into one as follows:

Use the measured distance on the map of unknowp scale {UMD) as the W
numerator, and the measurededistance on the map of known scale (KMD),as the
denominator, and multiply this fraction by the RF of the knowr} map: (RF).

. ) . ) KMD
Using this formula, find the RF of a map of unknown scale on whxch the distance "

between two points is measured as 2 inches, if the same dxstance on a 1:50,000

scale map is measured as 4 inches.

N




Ay
(c. 5) (8)
You have measured the map distance as 5 centlmeters If the map scale is
1:50,000, then the ground distance is 50,000 times as long as the map distance.
What is the ground distance, in centimeters, between the road Junctins" |
. - : \
a 2500 - b. 25,000 e. 250,000
€ * '
o'
< P - A
-t L}
’ *
- < y *
-
(e. 1520..The right tick is placed on an even meter ma.rk"(l()bo in this case*f ;
and the left end is among the subdivided section (in 100 meters) The total

distance is 1520 meters.) (14)
* FRAME 15, ‘ ,
Use Slour map scale (1:50,000 on your Protractor and Map Scales) to locate
the road junctions at 404638 and 405678 on your LEAVEI\_IWORFH map. Using
{
‘e, 6600

the tick mark methed ‘explained in the previous frame, what is the distance, in
: ¢

.yards, betvireeq the two junctions?
b. 5500

g 4400 .
’ ' ‘\I

t 1%8




\' -

(b.” 1000. The grid squares on large-scale mmiary maps are all drawn 1000\)\

" meters square.) (22)
FRAME 28. - o, - ‘ B ,
The gmd squares on the LEAVENWORTH map are 1Q00 meters. or 1 kilo-
meter, long.’ You can estunate d15tance quickly using the 1 kxlomeier squares as
“measuring stlcks” What is the approxamat‘e straight line distance, in kilometers,
from Horseshoe Lake (4247) to Roberts Lake (4556) 2 ' L
A} i ,
“a 3 ' b.-5; . e 10 '
AN
< i .
' 3 { { ’

.
»

A

Set 35. . DISTANCE 'AND TRAVEL TIME °

\ -
.

> UMD. 27 | R 4 .
( . (RF) = — X — = ~ = ) ) 4
.. 160,000 KMD R 5Q,Q00 +200,000” 100,000
FRAME 31. : ‘ S o
» You often have to find the time it will tgke you to travel to a new location.

How long it will take you depends on the ground distance (D) to -the new locatxon

and how fast you travel (t). So, gmund distance and rat;(e of

are the two factors you must know s . : ]




"

(er 250,000 The map distance Is 5 centimeters and the ground distance Is 50,000
times that or 250,000 centimeters W atch the units in this multiplication.) (7)
FRAME 8 - .. . ,

The ground distance bet‘ween tne intersections is 250,000 centimeters, but is
usually given as metex:s or kilometers. _’I'herefore, you convert the centimeters
to the desired unit. To convert éer;timeters to meters,.divide by 100; to convert
centimeters to kilometers, ,dmde by 100,000. What is the ground dlstance, in

: kllometers, befween the road intersections?

8. 25 : b. 25 e 50 /

= L

Turn Jback to bottom of page 3-1 for frame 9

(a. 4400. Place the right end tick on the 4000 yard mark of the bar scale and
the left end tick will fall on the 400 mark to the left of zero (4000 + 400 = 4400))

, (13)
FRAME 16. ' LI . o .
To measure longer distances, the samé procedure is used, but the measure-
-ment is made in steps. You h'ave to determine the'distan_ce algq'g the railroad

from the road crossing at Iatan (293711) to the road crossing below Weston

(361637). You will again use - along the edge of the paper C
-
to mark the distance between these two locations. ' - . >
- 4 s
EEEN Iy

-

A Turn back’to top‘ef page 3-2 for frame 17

' NSO » 3 —15




(e. 10. You can count ‘ten 1-km squares between the two lakes.) (28)
FRAME 24.

Airport runway lengths are often given in feet. You make the measurement
usmg the YARDS bar scale and convert the distance to feet. (3 feet = 1 yard)
On the LEAVENWORTH map, what is the length, in feet, of the longer runway

at Sherman Air Force Base" N \
‘& 5000 b. 5400 c. 5990
’
. [

\\Tz’ﬁn, back to bottom of page '8-2 for framie 25

* (8peed ‘or miovement)' (31)

FRAME 32.
' In order to find the time it will take you to travel a certain distance, you

djvide the ground distance by the rite of movement. So if you have to travel . ,
10’ miles and you move at the rate of 5 mxles per hour, you would dlvide 10

by _____ to get the txme regmred to ‘go the 10 mxles eYou find the time
tobe ____ houts. h :

7

A%
.




R e we

5, 2) (82) :
FRAME 83. INFORMATION FRAME. ~

In the same way, you can find the total distance (D) traveléd in a given time
if you multiply; the rate of speed (r) and the time (t). You can also find the rate
of speed (r) by dividing the total distance (D) by the time (t). If you know any
two factors, you can find the third. The three formulas are:

. \1. To find distance: D = rt -
2. To find speed: r = 2
? t
3. To find time: t = 2 T
r.

4 -

- 'END OF FRAMES FOR PART il




s PANEL 3-1
. COi\IVERSION FACTORS

%

*
—
. H [ STATUTE .
* ONE INCHES EET YARDS MILES cM M KM
Rl
INCH 1.0 0.0833 0.0277 | ceeu--- 2.54 0 0254 I,
FoOoT 12 0° 1.0 0 333 | -accs-- 30 48 n 1048 0, 0003
YARD 36,0 30 10 0 00056 91 44 n 9144 n nnog
mE 63360.0 5280, 0 1760.:0 1.0 160930, 0 1609.0 * 1. 6093
. - -
CENTIMETER 0.3937 0, 0328 0, 01097] --=---- 10 001 |  eecee---
METER 39,37 3,2808 | 1.0936™} 0.0006 100. 0 1.0 0.001
_KILOMETER 39370.0 3281 © 1094, 0 n 6214 1oonnn o 1nog. 0 10

v

To convert a measurement from a unit shown in the Ist column to any other unit shown i table,

multiply by the factor lhow\x} in column under desired unt,

ERIC

Aruitoxt provided by Eric

>

w“




-

—

3—19

S




. ‘PANEL 3-3

-

USING YOUR 1:50,000 SCALE MAP YO MEASURE CENTIMETERS

If you need'to measure map or photograph distances in centi- .

meters, but do not have a centimeter scale, you can make use of
4
. . . ) '
the following standard relationships on your map to obtain the needed

. measurements, N ~

- - .
.

a. The grid lines on your 1:50,000 scale map are spaced exactly

2 centimeters apart, because they represent 1000 meters gr'ound
distance at 1:50, 000 scale. A linear distance may be measured aiong .

any grid line, either horizontal or vertical. The grid lines perpen-

b -~ . . !
dicufar to this line cross it at Z-W.tervals. .

. b. The 1000-meter divisions of the prir;mary part of the meters

bar scale in the map margin are spaced 2 cm apart, since they alsdg

- -~

- represent 1000 meters at 1:50, 000 sca,le.‘ N

s For small measurements, less than 2 cm in length, the ex-

tension scale to the left of the zero on the meters bar scale is divided
»

into 100-meter ‘se“'gments,. each of w‘hich"'is .2 cm }or‘xg.

~
>

1

d./For greater precision, the 1:50, 000 grid coordinate scale
on your protra/ctor, also-2 ¢cm on each side, “is divided into tenths of a

- centimeter (10 millimeters). ) ' \\
T S / . N .

*
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PANEL: 3-4 _— :
- BAR SCALES ° ‘
{
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PANEL 3-5
TAKING MEASURED MAP DISTANCE TO THE SCALE

~~PENCIL TICK MARKS ON ¢ '\
PAPER STRIP ‘9

“

TRANSFERRING MAP DISTANCE TO PAPER STRIP

-
b d




PANEL 3-6 .

HEASURING TO POINTS OUTSIDE MAF"-

<
CENTERVILLE 6.2 MlL.

JONES CORNERS 1.2ML. ~
« "CHICAGO 25 ML

» .

T

- +

Distances shown outside map margin represént distance

from edge of map to destinatitn or destinations indi-
r. -

cated. Add this distange to measured map distance to

find total distance to destination outside map,

P
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PANEL 3-7

“TICKING OFF” STRAIGHT SEGMENTS
TO MEASURE LENGTH OF CURVE

SEGMENTS (LINES)
OF DIFFERENT LENGTHS

Q ¥7 \




PART IV

DIRECTION
V4

N
Set 4-1. DIRECTION—POINTS OF THE COMPASS
FRAME 1.
The four principal points of the compass are north, south, east, and west.

"’ The four principal directions are, therefore, north, south, east, and

(180°*) (3Q)
FRAME 31.
" To obtain & back azimuth from an azimuth, (add) (subtract) I80° if the
azimuth is 180° B{\ less.

N\
N




. (direction) (60) /

FRAME 61.
If you don't know the directior} of a linear feature, such as a straight road
or railroad, you need at least L additional prominent feature

to establish the direction and orient the map.

’
/
/
/

(112° 30" (Compass readings prowide; magnetic azimuth; therefore, for the
Leavenworth map, grid azimuth = magnetic plus G-M angle. See note adjacent to
declinatién diggram.)) )

(90)

FRAME 91./ '
Refer to your LEAVENWORTH map. You are standing in the road Jjunction

at coordinates 307578 and observe six radio towers in grid square 3258, What is
the magnetic azimuth of a line of sight from your posmon to the center radio -
tower at 328558607 (select one response) ¢ :
a. 61° ¢ b. 70°. 30 ) e - 80°,0

99




(west) (1)
FRAME 2.

As yoti know, from your use of other maps (such as an automobile road map)
the top of the map is normally north, the right hand margin is to the east, the
left hand margin to the west, and the bottom of the map is to the south. The
top of the map is normally to the north, to the right is to the

left is ___ » and at the bottom of the map is

NORTH

1

(add) (31)
FRAME 32. -

Study the figure below. In this case, back azimuth is determined by (addingi
(stibtractin’g) 180°. Back azimuth is simply the opposite direction of the azimuth.

e— NORTH LINE

‘BACK AZIMUTH =
300°-180° = 120°




-

(one) (61)~
FRAME 62.
If you cannot positively identify the geéessary features on both ground and

map, you may orient your map by determining the direction of

S—

(a. 61° O/ (The grid azimuth is 70* 30". Therefore the G-M. angle is subtracted,
or the magnetic azimuth = 70° 30’ - 9° 30° = 61°) (91)

Set 4-10. INTERSECTION

FRAME 92. INFORMATION FRAME.
INTERSECTION is a method by which you can determine the location :)f

an unmapped enemy gun, defensive position, etc.,, which you can see on the

ground, by plotting intersecting azimuths on a map. Accuracy in determining t;.he .

location depends, in part, on the sharpness of the point of intersection of the

¢

azimuths which you draw on your map.

1M




(east, west, south) (2)

FRAME 3.
As you can see from the simplified compass dial below, northeast lies in a

direction halfway between north and east. A southwest direction would lie half-

way between and

< NORTHWEST NORTHEAST

SOUTHWEST SOUTHEAST
(subtracting) (32)
FRAME 33.
To obtain a back azimuth from an azimuth, (add) (subtract) 180° if the

azimuth is 180° or more.




0

(true north) (62)

FRAME 63

Once you establish the direction of true north on the ground, you can orient
of a standard military map is its true north

your map because the

side.

(Go on to thé next frame) (92)

FRAME 93.
Which set of azimuth lines, plotted below, produce the sharpest point of

intersection ?

Al




(west, south) (3)
FRAME 4.

In the lower (southwest) section of your LEAVENWORTH map is the City
of Leavenworth. Look at the LEAVENWORTH map and find the City of Leaven-
worth. You located it by using the direction southwest Locatioris can be partly

determmed by

(subtract) (33)

_ FRAME 34.

If the azimuth is less than 180°, you
azimuth; if the azimuth is more than 180°, you

back azimuth.

180° to obtain-the back
180° to obtain the .

104




(top) (63)
FRAME 64,
Complete the following general rules that ap;;ly to map orientation by visual

inspection.

a. Orient a map by visual inspection only when a is not.

available.
b. When orienting a map by i/iksual inspection select at least

promment terrain features.

¢. You must know the dlrectxon of a linear featuretoavoid ___

the orientation. M

d Smgle features can be used to orient a map by v1sual inspection only

if the observer knows his on the map.
"t é -
h’)
(C) (93)
FRAME 94,

Refer again to the figure in frame 93. As a general rule, the sharpest inter-

section is obtained when azimuth sightings are approxima tely

degrees apart. . » '




(direction) (4)

FRAME 5. .
Your unit is located in the City of Leavenworth. It is ordeged to proceed

south f¥om the city by .thf? 2-lane highway for about 2 miles and rendezvous with
» i

another unit at Cemetery. . Y

(add, subtract) (34)
FRAME 35. .

Determine the back azimuths for the directions listed Below and write them

-

in the spates provided. .
a. Grid azimuth = 95°; grid batk ‘azimuth =

b. Magnetic azimuth = 210°; magnetic- back azimuth’' = 2%

[y

.
o

o

¢. Grid azimuth =*359°; grid back azimuth =

-




s
. /
’

Set 4-B—USE OF PROTRACTOR TO PLOT AZIMUTHS

(eompa'ss, two, reversing, loca,tion‘) (254)
FRAME 65. INFORMATION FRAME, :

A protractor is an aid to assist you in laying out and measurmg azimuths on
' the map. Panel 4 8 illustrates four types of protractors. Notice that on the cir-
cular and square types, all 360 of the degrees of a cnrcle are shown around the
center On the rectangular type, half the degrees, or 180" are plotted, but values
t”or the ful 360° are shown Some types show both mlls and degrees; others are

graduatgd in degrees only. Be sure you understand the protractor you are using,

and usg the correct’ values.

(90 degrees (See figure C, frame 93)) (9;1) ‘.
FRAME 95.

.

Panel 4-13 indicates how intersection is accorpplished. To f)erform intersec- '

tion, you must take sightings on the unmapped object from at least

-

known locations.

. ) : »




(Mt Calvary) (8)
FRAME 6.
) You have located Mt. Calvary Cemetery as about 2 miles south of the City

3

of Leavenworth, Now both units are ordered to proceed to the town of Richardson
which is about 1 mile to the of Mt. Calvary Cemetery.

8. north b. south 2 d. west

_ (A. 276°, B. 30°. C. 179°) (85)
FRAME 36. INFORMATION FRAME.
A mil is also used by the map reader to éxpress direction. For military pur-
poses a circle is divided into 6,400 mils. Mils are of particular interest to gunners
because a change of 1 mil in the 4ang1e of a weapon will change the impact of a

sHell or bullet a distance of 1 unit for every 1,000 units of range.




N

(Go on -to the next frame) (65)

FRAME 66.
Your protractor has an index point from which .the degrees are scaled. If

a full 360° are shown, the index point is in the center. It is usually indicated by
crossed'___lines. If your protractor is semicircular or rectangular, only half the )
degrees are plotted along ihe semicirc!e'ox; on three sides of the rectangle. The
index point from which the degrees are scaled is in the center of the diameter

side of the protrdctor. It 15-\1\18ua11y indicated by an arrow. On your protractor,

all the degrees are scaled from the ' g

1 ’

(two) (95) | ' .
FRAME 96. S
If you sight an enemy field fortification which is not shown on your map,

you would locate it on the map as follows (pick 6ne response):
a. First take an azimuth from your kqown position, then move to a new
locagion which can be located on the map and take a second azimuth.

b. First take an azimuth from your known position, then move to another

location and.take a second azimuth.

<,
> 5
%

o 1% . 109




(C. east) (B)
-FRAME 7. SUMMARY FRAME.
You have seen that locations can be given by simply siating, for example,
- that a place is 1 mile along a road to the east or that you should take the 2-lane
road south of the city for 2 miles to rendezvous at a cemetéry. In the following
frames, you will learn how to plot directions on a map _and locate a point (for
example, an enemy gun position) which may not be on a road or other readily

identifiable feature.

(Gq on to the next frame) (36)
FRAME 37. )
The figure below shows a circle divided into mils. Note that, like an azimuth

angle and degrees, mils aré also numbered in a (clockwise) (counte_rcloc'kwise)‘

i direction.




(index point) (66)
FRAME 67. INFORMATION FRAME.

To plot an azimuth from a known point, study the steps outlined in Panel 4-9.

(a.) (96) .
FRAME 97. ‘ ‘ o

e v

, : ¢
To locate on your map,the unmapped object at A in Panel 4-13, you would

first orient the map, and then determine —

R on the map.




ERIC

Aruitoxt provided by Eic:

Set 4-2. NORTH LINES
FRAME 8. ’

Directions may also be expressed in everyday life as “on the right side
of the road”, “on the left bank of the river”, etc

. In these examples, the
and the have been used as references from
which to express direction.
(clockwise) (37) \
v
FRAME 38.
Compare the mil circle to the degree circle and complete the followmg table:
Miis Degrees ' \\“\ \\\\\\\\\u llnlnlurw‘:,,,/”:w /’
1600 = . \\@\*“\.,e_“\\\'l'/:,, 74
- = 270° ) \~ .
= 225° <
. ) .
5600 = _ £,
Y
%y
. ’ b "”fm’u:hn‘u\\\““ “‘\\\
1 3
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(Go on the next frame) (67)
FRAME 68."
It is seen that the protractor index must be over the

and that the protr‘actor index line (0° to 180°) must be over the

line drawn through the point.

(your location) (97) h .
. FRAME 98,

Once your location has been determined, you would take a compass sighting

on the unmapped object, convert to a grid azimuth, and then

the - on your map.

4—18 ‘ . . 11:{




(road, river) (8)
FRAME 9. P SN
In military map reading, directions are referenced to a north line instead of

to roads, rivers, etc. The line serves as a reference line

. from which directions are expressed.

Set 4-5. DECLINATION DIAGRAM AND G-M ANGLE

(1600 mils = 90°, 4800 mils = 270°, 4000 mils = 225°, 5600 mils = 315°) (38)
FRAME 39. INFORMATION FRAME.

{ Azimuths and back aéimuths can be plotted accurately on a map by referring
to the declination diagram in the lower map margin (see LEAVENWORTH map
and Panel 4-4). Magnetic decli‘nation is the angular difference between true north
and magnetic north. However, since the military user is p;'imarily interested in the
difference between grid north (on his map) and magnetic north (on his compass?,
the diagram shows the value of this angle, called the grid-magnetic (G-M) angle,
and the relative directions of the different norths. Notes printed next to the dia-
gram tell you how to convert from one type of azimuth to another on that par-
ticular map. The angle of grid convergénce, which is the difference between true

-

north and grid north, is also shown.

(9




(paint, north) '(68)
FRAME 69.
In the figure below, the protractor has been oriented correctly to measure

the azimuth of line A-B, with respect to a grid north line. What is the azimuth
of line from point A to point B?

= B
g|= @‘3&
W
40// .
50
| € INDEX
e
]
Azimuth of Line A-B = ___ ~°
(plot, azimuth) (98) -

FRAME 99.

You then move to a second known point, take afiother

,

on the unmapped object, convert to a grid azimuth,\then

the second on your map.

'

115




(north) (8) ' . : \
FRAME 10.
Three north lines, from which directions are measured in map reading, are

shown in Panel 4-1. Study this panel. Complete the chart below.

£~
SYMBOL NORTH LINE
uGNnordYu . ) {
? K ¢

(Go on to the next frame) (39)
FRAME 40, a '

A dashed-line arc i3 drawn on the declination diagram to conneect the

north and magnetic north lines.




(45° NOTE The degrees printed on the edge of the protractor increase in a
clockwise direction) (69)

FRAME 70. ) ‘

To obtain the grid azimuth of a line on a map, you can use as a base line

either the grid north line or a line drawn to it. You i

would -then use your protractor to measure the angle formed between the base
line and the line‘on the map (Panel 4-9).

(sighting, plot (draw), azimuth) (99)
FRAME 100.

The grid coordinates of the unmapped object can be determined from the
point at which the fwo grid azimuths plotted on the map




(a. Magnetic north, b. True north, ¢. Grid north) (10)

FRAME 11

A direction measured from a true north line may be illustrated as shown in
A below, Under the diagrams in B and C below, write the name of the north line

from which the indicated direction is measured. o ,

GN

*

DIRECTION

NORTH LINE

>

 (grid) (40)
FRAME 41.
The arc connecting the grid north and magnetic north lines is called a grid-

magnetic (G-M) anpte. The grid-magnetic angle shown is

degrees or \ ’ mils.

GRID CONVERGENCE
tn 2t MILS
FOR CENTER OF SHEET

‘ 960 M ANGLE

9 1 PO MILS

HiwON 018D

O CONVERT A
4  MAGNETIC AZINUTH
0 A GMID AIMYTH

ADD G M ANGLE

O CONVERT A
GRIO AZINUTH TO A
VAGNETIC AZIMUTH

SUBTNACT G M AMGLE




i

(parallel) (70)
FRAME 7. . ' S

Refer again to the figure below frame 69. What is the Back azimuth -of line
from point A to point B{? (Frame 27 explains how tq compute back azimuths)

&
+

|
Back azimuth of line A-B =

(intersect) (100)
FRAME 101. _
Do the following exercise in intersection on yo.ur LEAVENWORTH map.
” Your first known lo;:ation is at 443662. These coordinates identify yéur location

as being at .- Mark this position A

4—22 41149




(A, grid north, C. magnetic north)’ (11)

FRAME 12. .
Refer again to Panel 4-1 and draw the appyopriate symbols of the north lines

which are described below.

LINE DERIVED FROM SYMBOL
a. Compass direction of magnetic north.
b. Easting grid fines on a map.

¢. Earth’s north pole.

’

(9, degrees, 170 mils) (41)
FRAME 42. INFORMATION FRAME.
The fiate of the G-M angle info‘rmation is also noted on the diagram. Because

the angle may change slightly 5 the magnetic pole changes its position, this in-

formation is usua‘lly updated every five years.




(225°) (1)
FRAME 72. .
Since the azimuth i§ less than 180°,.the back aziinuth is computed by adding
180°. Thus, ‘the baf:'k azimuth is 45° + 180° = 225°, If the azimuth is between. .

180° and 360°, you 180° to obtain the back azimuth,

(Flintlock Church) (101)

FRAME 102. '
From your position at the church you take a compass sighting of 54°30 to

an enemy gun emplacement. Using the declination diagram on your map, you

[

convert this magnetic azimuth to a grici azimuthof __ ___ _ °, — .
iy

4—24 . .




SN * ‘
(& 1 b . e ] ) (12)

FRAME 18.
In the space provided below, draw the symbols of the three north lines, write

the names of the lines, and state how the lines are deri\;ed. What determines

the direction of each? C .

SYMBOL NAME ] HOW DERIVED

(1965) (42)
FRAME 43, ]
The arc connecting the grid north and magnetic north lines is called a

angle,




(subtract) NOTE: Back azimuths may also be read directly on your protractor,
as explained in Panel 4-9, Note No. 2. (72)

FRAME 173.
For measuring azimuths from 0° to 180°, the protractor is read to the (right)

(left) of the north line. For measuring azimuths from 180° to 360°, the protractor

is read to the (right) (left) of the north line.

)

(64°) (102)

FRAME 103.
Use your protractor and a straightedge and plot the grid azimuth of 64°

L

through position A.

¢ 123




a True north Earth’s north gle
b. ¢ Magnetic north : Compass direction of magnetic north
& Grid north Easting grid lines on map (13)
FRAME 14, : 5

Any line you draw on the map parallel to the grid north lines shown on your

map is a grid north line. Similarly, any lines to the mag-

netic north and true north lines shown on your map are magnetic north or true

north : Grid north lines and magnetic north lines are most

.

commonly used in detérmining direction on military maps.

-

(grid-magnetic (G-M) angle) (43) , .
FRAME 44. - .

Refe;' to‘the LEAVENWORTH map provided with this‘ text. Locate the
declination diagram in the bottom m?.rgin. The G-M anglé on-the LEAVEN-

WORTHmapdis __ degreesor _____ mils and was prepared in




(right, left) (78)

FRAME 4. .
Turn to Panel 4-10. Draw a line connecting points A and B, points A and C,
and points A and D. Use your protractor to find the azimuths of these lines and

enter your answers in the spaces provided below.

Line Azimuth ,
Point A to Point B _ __°
Point A to Point C -

Point A to Point D . -
' |

(Go. on to the next frame) (103)
FRAME 104.

You would now move to a second known position, for example, to the road
Jjunction at 450695. Label this position B.




Set 4-3. AZIMUTH MEASUREMENT

(parallel, lines) (14)
FRAME 15.

The most common military method of expressing a direction is by using an
azimuth, The figure below shows a north line and a direction. The a{lgle b‘etween

the north line and the direction line, shown by a dashed line, is an

“

NORTH LINE

(9, "degrees, 170 mils, 1960) (44)
FRAME 45.
The angle at which a magnetic north line plotted on a map intersects an

easting grid line is8 known as the




Line . . ~ Azimuth

Point A to Point B | 45°
i’oint A to Point C 92°
Foint A to Point D 226° (14)
_“FRAME 75. ‘ Lo

"Turn to Panel 4-11..Using easting grié line 41 as a base line, measure the
azimuth of the line drawn from Point A to Point.B. The azimuth is ‘

degrees. -

-

(Go on to the mext-frame) (104)
FRAME 105.

From your new locatiop at the road junction (position B), you take a compass
sighting of 119° to the gun emplacement. You convert this to a grid azimuth

of - . ¢

4
B




(azimuth) (15) o |
FRAME 186, < ’

The arrow on the dashed line in frame 15 shows that the azimuth angle is °
measured in a (clockwise) (codnterclockwige) direction from the north line,

v

(G-M angle) (45)
FRAME 46,

Study the declination diagram oh the map. The GRID NORTH line is parallel
to the grid lines on the map.




(63 degrees) (75)
FRAME 76.
" Refer to Panel 4-11. The line from Point A to Point B hasa

azimuth of 63 degrees.

'

(128° 80°) (105)
FRAME 106.
Plot the,{ grid azimuth of 128° 30’ through position B.

J




(clockwise) (16)

FRAME 17,
All azimuths are measured in the same manner—they are measured in a

direction from the north line.

(easting) (46)

' FRAME 471.
_ If a magnetic north line were plotted on the LEAVENWORTH map, it would .

intersect an easting grid lineat anangleof __ degrees

minutes. .
) . ¢




(grid) (76)
FRAME 77.
Again turn to Panel 4-11. Using easting grid line 42 as a north line, measure
the azimuth of the line drawn from Point X to Point B. The azimuth is
degrees. '

(Go on to the next frame) (106) . \
. FRAME 107. i
-Extend the two azimuths until the lines intersect. The grid coordinates of the \

enemy gun emplacement are

&

”T




(clockwise) (17)
FRAME 18.
+Figure A shows a “true azimuth angle”, so named because the azimuth

angle shows a direction as related to’a true north line. B shows a

and C shows a

* ' : GN

Set 4-6. USE OF COMPASS TO ORIENT MAP -

(9°, 30") (47) . R
FRAME 48. INFORMATION FRAME. ’

The magnetic compass is the most commonly uséd and simplest instrument

for measuring directions and angles in the field. A lensatic compass is shown in

Panel 4-2. .




" (68 degrees) (77)

FRAME 78.
Refer to Panel 4-11. The line from Point X to Point B hds a

azimuth of 63 degrees.

(473676) (107)
. Set 4-11. RESECTION

FRAME 108. INFORMATION FRAME.
Panel 4-14 indicates how resection is accomplished, To perform resection you

must take sights on or more objects of known location from

your unknown location.

133




- LN

< d

(B. magnetic azimuth angle; C. grid azimuth angle) (18)

" FRAME 19.
Azimuth angles are commonly expressed in degree units of angular measure.

A true azimuth of 45 degrees (written as 45°) is, therefore, a direction. I tells

us that—
a. The north line used as a reference for measuring was a

line.

b. The azimuth of 45° was measured in a ' direction.

(Go on to the next frame) (48)

FRAME 49.
Look at the compass dial in Panel 4-3. You see that it is graduated (has

measurement ticks) in and The outer ring of numbers

contains the ___ graduations and the inner ring, the _____ gradua-

tions.




(grid) (78) .
FRAME 79. . . . n _

All lines drawn through a Iioint and parallel to easting grid lines c %
to measure N ) g

~
by
. L }
(two) (108) T ‘ ’
FRAME 109. - .
Study Panel 4-14. The first thing you should do when performing resection
is to : the - “
‘ " A -
’ -~
Q -

S ;145 g\




(a. true north, b. clockwise) (19)
FRAME 20. .

1 .
A degree is — part of a circle. Therefore, a circle contains _______ degrees.
360 ’

(mils, degrees, mil, degree) (49)
FRAME 50.
A closer look at a portion of the dial (Panel 4-3) indicates that the measure-

ment marks on‘\t»th) mil scale are separated by mils, and
those on the degree scale are separated by degrees.
4—239
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(grid azimuth) (79)
FRAME 8.

Also, because a straight line crosses all grid norths at the same angle, the
straight line can be extended in either direction and a grid azimuth taken at th

.

new points it crosses the .

7

(orient, map) (109)

FRAME 110. - ; )
Do the following exercises in resection on your LE'&VENWO-RTH map.-

.

From your present Vunimo,wh location, you take a compass sighting on the road’

Jjunction at :‘393518. Mark the road Junction on the map, point A. The magn’eiic

) azimuth to point A is 281° 30", This means the grid azimuth wil] be

o
.

. { - -




(360) (20)

FRAME 21.
The figure below shows a circle divided into degrees. Note that like an azi-

muth, degrees are numbereg in a (clockwise) (counterclockwise) direction.

270 90°

225° 135°

180°

3

(20 mils, 5 degrees) (50) 9

FRAME 51. INFORMATION FRAME,
To use the compass, the sighting slot iri the eyepiece, the sighting wire in
the front cover, and the target are alined. The' magnetic azimuth can be read by

glancing down at the dial through the lens, and reading the value under the index

line on the face of the compass.

-




(grid north lines) (80)
L3

FRAME 81. . -
Line A-B in Panel 4-11 crosses each easting grid line at the same .

Therefore, the grid azimuth is the same when measured at

easting grid line.

(291°) (110)
FRAME 111, - ) ‘
"® . What is the back grid azimuth of 291°°?




(clockwise) (21)

FRAME 22.
Each degree is further divided into 60 minutes (written as 60’). Therefore,

-] ’
.

915 degrees can be written

(Go on to the next frame) (51)
FRAME 52. — ) »

"Azimuths are read by observing the mil or degree graduation appearing :
under the index line. Indicate in the spaces provided below t_he magnetic azimuths
which are shown on thé compass dials pictu;'ed in Panel 4-5.

. degregs, _ mils

degtees, ____ mils

~% .

_ R 4—43
b 140.




(angle, any) (81)
FRAME 82, ' _

Determille the grid azimuth of the line in Panel 4-11 which is drawn from
Point Y to Point B. The grid azimuth is

(111°) (111) -
FRAME 112,
lot the back grid azimuth of 111° from point A and extend the line toward i

“’ P < N .‘

the, general direction of your location. The .next step in reseptibn is to take a

A}

on a second identified [terrain featurs.

/

L
-
3




(8°.80°) (22)

FRAME 23.
Consider that you are standing in the center of the circle shown below. When

you face towards any north (true, grid or magnetic) you are facing 0° (or 360°).
" When facing to the west, you are facing degrees.

NORTH
OQ

WEST 270° EAST 90°

.
h

180°
SOUTH

(a. 52 degrees or {)40 mils, b. 266 degrees or 4740 mils) (52)

FRAME 53. INFORMATION FRAME. R
When you place a map 80 that all its directions are alined with corresponding

directions on the grounii, the map is said to be oriented.




(80°) (82)

"FRAME 88.
Turn to Panel 4-12. Determine the grid azimuths of the lines indicated below,

and complete the chart. (Hint: Extend lines A-X, etc. in order to read on
protractor.) '

Line Grid Azimuth

o

From Point A to Point X
- From (Po'mt B to Point X

From Point C to Point X

-]

o

(compass sighting) (112)

FRAME 118.
You now sight on the second identified terrain feature, a road junction at

426522. Mark this road junction as point B. You then determine the magnetic
azimuth to point B to be 33°, What is the grid azimuth?

4—46 : 1473




¥

(270 degrees) (28)

FRAME 24.
Wpen standing at the center of the circle facirig towards the north, and

desiring to face towards the east, you must turn degrees in a clockwise

direction.

(Go on to next frame) (53)

FRAME 54,
To_grient a map, you position the map so that map directions are alined

directions.

with corresponding




Set 4-9. CONVERSION OF AZIMUTHS

(45°, 90°, 329°*) (88)
FRAME 84,

Refer to your LEAVENWORTH map. Use your protractor to measure the
grid azimuth from BM 761 at coordinates 419491, to BM 972 at coordinates

© ’,
.

489516. The grid azimuth is

(42° 80’) (113)

FRAME 114,
. What is the back grid azimuth of 42° 30'?




(90 degrees (90°)) (24)

FRAME 25.
In the spaces below, write the azimuths indicated in sketches A and B.

o
»

*

GN

90°

>

270°

A, azimuth of __;__° B. _ __ azimuth of

(ground) (54)

FRAME 55.
A map can be oriented with a compass. Panel 4-6 shows how this orientation

is accomplished, Study this panel. The compass sighting wire is placed over an

line.




7—."‘

-

(70° 45’ (45’ is estimated, as angle is greater than 70° 30’ and less than 71°)) (84)
FRAME 85.

After determining the grid azimuth from BM 761 to BM 792 to be 70° 45,
you can determine the magnetic (compass) azimuth by (adding) (subtracting)

9° 30

(222° 30°) (114)

FRAME 115.
Plot the back grid azimuth of 222° 30", Extend the plotted line to intersect

with the back azimuth line you have drawn from point A, You are located at the

intersection of these two lines which is at (coordinates)




-

(A. Magnetic azimuth of 90°, B. Grid azimuth of 270°) (25)
FRAME 26.

Above the captions below, sketch in the azimuths called for. Show the angle

o

size and direction of measurement.

A. Grid azimuth of 210°. B. Magnetic azimuth of 90°.

(easting grid) (55)
FRAME 56.

Following orientation, all map lines are to their cor-

responding lines on the ground.

L 3




(subtracting. (Note: The conversion rules for converting grid and magnetic
azimuths are printed adjacent to the declination diagram in the bottom margin
of each map. See your LEAVENWORTH map.)) (85)

FRAME 86.

The magnetic azimuth from BM 761 to BM 792 is
- I

(415510) (115)
FRAME 116. II:IFORMATION FRAME. K
In rare instances, where you are standing on a linear terrain feature, which -
can be identified on your map (e.g., a railroad, road, river bank, etc.) it may be//
necessary to sight on only one identified terrain feature to perform resectipn. Us
your LEAVENWORTH map to perform the following resection problem to i]l/ﬁs-
. strate how only one'azimuth need be drawn to locate your position when you are

standing on an identified linear terrdin feature.

§
i
i
|
i

149 o ,




L Set 4-4.  BACK AZIMUTH MEASUREMENT

GN
~

} 210°
'? «— 90°

|

' (A. Grid azimuth of 210°, B. Magnetic azimuth of 90°) (26)

—

FRAME 27. INFORMATION FRAME.

In map reading, it is often i'equired that a back azimuth be determined. A
back azimuth is the reverse direction of an azimuth. It is comparable to doing an
,“abéqt-face". It is the opposite direction of the azimuth. Back azimuths are used
to determine the position of the observer or unit when the location is not known.

’fhis will be discussed in later frames.

Set 4-7. ORIENTATION OF MAP BY VISUAL INSPECTION

(parallel) (56) : )
~ FRAME 57. ) :
When a compass is not available, a r,r‘lap can be oriented as shown in Panel 4-7 .
by . inspe:':t.ion. Orientation of a map by visual inspection

. is recommended only when a _, v . is not available.




61° 15) (88 - - _ -
FRAME 87: . - - .

Re;fer to your LEAVENWOR’i‘H map. You are located'at Fancy Bottom
School, at coordinates 339647. The grid aztmuth from your position to Cofﬁn *
School at coordinates 306600, is _____".

a

' (Go on to the next frame) (116)
FRA\[E 117. /
You are standing on the Burlington and Quincy railroad, somewhere between
IATAN in grid square 2971 and WESTON in grid square-3664. You make a
compass sighting on the church steeple in the town of KICKAPOO, at 30306295,

and read a malénetic azimuth of 215° 30’, which is a grid ‘azimuth of

.4 —54 ' 151




(Go on to the next frame) (27)

' FRAME 28.
If you desired to turn from facing north (0°) to facing south, you would

turn __ degrees.

(vispal, compass) (57)

FRAME 58. . . . .
Orientation of a map by visual inspection consists of adjusting the position

of the map until distinctive features identified on the ground are in the same
prominent features

relative positions on the map. At least

are usually needed.

<




(215°) (87)

" FRAME 83. )
The mégnetic( (compass) azimuth of the line from Fancy Bottom School to

Coffin Sghool is °

(225°) (117)
- FRAME 118.
Plot the back azimuth of 225°, whichis____ °, from the church to the
railroad. . -
> »j{/
14
13
O 4 - 58 . ' 1 53




(180%) (28)
FRAME 20. (
*If you are facing east (90*) and do an about-face, you will be facing

P

whichis ___ ' degrees.

(two) (58)

FRAME 59, )
If you know your ground position and can identify it on the map, you can

orient the map by alining your plotted position with at least one other feature

identified on the map and visible on the ground. "To use this method, you must

be able to locate your position and another feature both on the

" and on the




(205° 80°. (See conversion rule adjacent to declination diagram on LEAVEN-
WORTH map.)) (88) . )

FRAME 89,

The magnetic'azimuth of a line from Coffin School to Faney Bottom School
is - '

(45°) (118)
FRAME 119.

Your location on ‘the railroad is determined by the intersection of the back

grid azimuth line of 45° with the railroad. You are located on the railroad at
coordinates »

.>:<'

ﬁh




<

(West,,27(r)‘;) (29)
FRAME 30.

The facing movements, just discussed, are shown as azimuths and back azi-

muths below. Both back azimuths were obtained by adding

° to

the original direction (dzimuth) in virhicw were facing.

OO
LINE —= £ § LINE— BACK AZIMUTH ANGLE=
S5k 90°+ 180° = 270°
gl(&)-’ - [~ ~ <
NE BACK 0
<S AZIMUTH [, 270
T +<—DIRECTION 90
2 AZIMUTH \ | -
;N% | ANGLE = \ y; AZIMUTH
<2 | 0°4180°:180° . 7 DIRECTION—
% _
| [ B
| 180e

>

Turn back to bottom of page 4-1 for frame 31

(ground, map) (59)
FRAME 60.

1

A linear feature, such as a road, railroad, or stream bed, is useful for

orientation if you can determine its

.

Turn back to top of page }-2 for frame 61

156




(25° 30°. (This is a back magnetic azimuth of the magnetic azimuth yoqu calculated
in the previous frame; therefore it may be obtained as 205° 30’ — 180° = 25° 30".))

(89)
FRAME 90. ‘
Refer to your LEAVENWORTH MAP. You are located at COFFIN SCHOOL

at coordinates 306600, and take a compass sighting to the water tower located

at coordinates 333589. If your compass reading is 103°, the grid azimuth to the

< ’

water tower is

Turn back to bottom of pgge 4-2 for frame 91

(336663) (119)
FRAME 120.
Unless you are standing on a

you can identify on the map, at least features appearing on

terrain feature which

the map must be sighted from your unknown location in order to accurately

accomplish resection.

157




(linear, two) (120)

END OF FRAMES FOR PART IV




PANEL 4-1

- MAGNETIC NORTH, TRUE NORTH,
AND GRID NORTH

TRUE NORTH
LINE

* DERIVED FROM
EARTH'S NORTH

POLE
“ : .N\\ [
) VAR VAN
CV\O% \ GRID NORTH
A\ ;
R ‘ LINE
‘hP‘O Vv | GN/ \.f’\ -
i

DERIVED FROM CORRESPONDS TO
COMPASS DIRECTION VERTICAL GRID
OF MAGNETIC NORTH LINES ON MAP

NOTE THE LETTER *“Y” CAN BE USED INSTEAD OF “GN™

O ‘ ' ‘ 159




PANEL 4-2
LENSATIC COMPASS

=

SHORT LUMINOUS LINE LUMINOUS ARROW
- ' LUMINOUS / SIGHTING SLOT

LUMINOUS SIGHTING DOTS INDEX LINE

SIGHTING WIRE GRADUATED STRAIGHT EDGE BEZEL RING




PANEL 4.3 ,
~.. COMPASS DIAL

6400 MILS 200 MILS

MIL SCALE

DEGREE SCALE

/
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‘ny g, (14 ot \\\
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PANEL 4-4
DECLINATION DIAGRAMS .
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PANEL 4-5 °

MAGNETIC AZIMUTHS READ
FROM COMPASS

N\ P % /. L X
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Pataty "'/'775,,
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Aruitoxt provided by Eic:
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PANEL 4-6

TO ORIENT YOUR MAP

BY COMPASS-

.

' . 1 Aline sighting wire and noiches at front and rear
of compass over any north-south gnd line  This
places the index line on the face of the compass
parallel to gnd north

’ B )

- .

2 Rotate map and compass together
formed by the north needle and index hine 1s the
same value and relationship as shown for the
G-M angle in the declination diagram in the map

margin.




S If you stand with east on your right, you will be facing north

PANEL 4.7 |
ORIENTING A MAP BY VISUAL INSPECTION

yn ’4’5’% »% m’:

f%‘a . l! i 2‘ ApoE ¢
" o $§- h ‘.',’" " -
.-‘ 3 3 3

1. At least two prominent features such as A and B are usually needed
for orientation. You must locate them on the map as well as on the
ground, and adjust the map until both ground features are alined with

their map symbols;

2., If you can locate your positioh on the map, you can orient it by
alining your plotted position with one additional prominent feature
which is visible from your position and plotted on the map.

3. If the feature is linear, it is necessary to know its direction
to avoid reversing the orientation. If you cannot determine the di-
rectien of the linear feature, at least one additional prominent fea-
ture is needed to orient the map.

L. A map may be roughly oriented by determining the direction of true
north. The top of a standard military map represents true north. You
can determine the approximate direction of true north on the ground by
various expedient methods, such as “the following:.

2. Observe the movement of the sun. In the northern hemisphere,
it moves from east to south (at noon) to west.

R. Locate Polaris, the North Star.

¢. Observe the movement of shadows. They move from west to north
(at noon) to east. .
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PANEL 4-8
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CIRCULAR
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PANEL 4-9-
USE OF PROTRACTOR IN PLOTTING AZIMUTHS

Step 1: Select a point from which the azimuth
will be drawn, and construct a north line through
the point parallel to an easting (north-south)
grid line, There are several ways to construct
the north line, One of the simplest is to use
the map scale on your protractor as though
reading the grid coordinates of the point (see
Part II, frame 32). The leg of the map scale
which runs through the point is parallel to the
easting grid lines. Mark the place where this
leg intersects the lower northing (east-west)
grid line (the corner of the scale), and draw

a line through both that point and the original
point, extending it as necessary.

Step 2: Place the protractor index over the point,
making certain the protractor index 1line (the 0°

to 180° line) is over the north line which was
drawn in step 1,

N

Step 3: Place a mark on the paper along the pro-
tractor edge at the desired azimuth, In the ex-
ample, a 50° grid azimuth is given., Azimuths

are normally plotted from grid lines on a map,

and therefore must be grid azimuths, If you are
given a magnetzz—(compass azimuth you must consult
the conversion rules in the bottom margin of your

. map. For the Leavenworth map, you see that you
must add 94° to convert from maghetic to grid -

azimuth. Hence, ‘if a 50° mapnetic azimuth were
giben you would plot a 59%° grid azimuth on
he mép.

e
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PANEL 4-9 (Continued)

Step 4: Remove the protractor and draw a line
connecting point A with the mark drawn at 50°,

The 1line is at a grid azimuth of 50° from the
point on the north line which was drawn in

Step 1.
ep A//

Note #1: If you are using a semicircular or rect-
angular protractor, the protractor is
reversed, as shown at the right, for plot-
ting azimuths greater than 180°, When you

. use the protractor in this position, you 3
read the inner row of angle values (180° ”»
to 360°), The requirement to convert from
magnetic azimuth to grid azimuth before
plotting on the map applies regardless of
the position of the protractor,

Note #2: Back azimuths may also be read directly
from your protractor. If your protractor is
circular or square, extend the azimuth line
to intersect the opposite side of the pro-
tractor and read the back azimuth, making
sure that the azimuth line passes through
both the point and the protractor index point.
If you have a rectangular protractor, with
the double row of degree values, notice that the
the inner row of values corresponds ta the )
back azimuths for the outer row of values, and
vice versa, For example, if you measure
an azimuth of b0°6 note that the corresponding
back azimuth, 220°, is given on the inner

scale for the same measurement,




PANEL 4-10
MEASURING AZIMUTHS

°D
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PANEL 4-11
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PANEL 4-12
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PANEL 4-13
v ‘ PERFORMING INTERSECTION

.

Locating an unknown point by successively occupying two (or more)

. known positions and si'ghtmgS on the unknown point 1s called INTERSECTION,
m N o '
¥ { <

. 42 ~43 44 45

Method:

, A, Orient map,

B. Determine your location (at B), take sighting to unknown point

(A), convert to grid azimuth, and plof azimuth (B-A) on your map.

C. Move to new point (C), determine location, sight on A, con-

+ -~
vert to grid azimuth, plot azimuth (C-A) on your map.

D. Intersection of azimuths (B-A and C-A) on your map pinpoints

map location of previously unknown point A.




PANEL 4-14
PERFORMING RESECTION °

Locating your position by sirhting on two known features is

called RESWCTION.

4l2 8 ggs . 24

L

VETHOy -

A, Orient map,

B. Identify two (or more) prominent terrain features(AQand B)'and"
locate these on your map.

C. Take compass sightings on features A gnd B; convert to grid azimuéhs.
D. Plot back grid aziﬁuths”f%om A and B toward your positioﬁ on

the map,

E. Intersection of the'ﬁ&é&ﬁﬁp@mubhs on your map pinpointg your

§
previously unknown position (Xé.
N4
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PART V

RELIEF

FRAME 20.

Set 5-1. CONTOUR LINES AND ELEVATION

FRAME 1. | .
The differences in shape and height. of the earth’s surface are called relief.
On a map, relief is shown by symbols called contour lines.. Contour lines show

the ‘(differences in heights) of the ground.

(less, supplementary) (19)

[

Supplementary contours are shown by dashed lines on the map. Refer, to the
marginal information (bottom center) on the LEAVENWORTH map. What is the

interval at which supplementary contours are drawn?

8. 5-foot b. 10-foot s . 20-foot




(960 feet) (38)
FRAME 39.
Often, the point whoée elevation you wish to determine falls between the
contour lines shown on the map. If it falls in the middle or close to the middle
of the space between contours, you give it the valge that js halfway between the
contours. If.it is closer to the lower or upper ;:onto‘ur, you give it the value of the
closest contoﬁr. If another road junction were halfway between th9’960- and
980-foot contour tmes (horizontal distance) it would be considered halfway
between the QGWt e.levations (vertical distance) or at an elev?tion

of )

(profile) (57)
FRAME 58, ’ T .

Step 2. Find the value of the highest and.IOWest contour lines th‘at cross
or touch the profile line. In Panel 5-13 what is the higest contour elév_atibn, and

what is the lowest?

Highest Lowest _ .
a. 540 a. 400
b. 600 ) b, 420 "

c. 640 ¢. 460




(felief) (1)

FRAME 2.
On the map, rélief (changes in height and shape of the ground) is pictured

by-the brown lines called contours or contour lines. Since a hill is a relief feature, ™\ |

it is shown on the map by

©

(b. 10-foot. Note: Supplementary contours are usually added at one-half the
contour interval.) (20)

FRAME 21.
Each contour line, whether index, intermediate or supplementary, represents

the same elevation wherever it appears on the map. In.other words, all points

oni a contour line are at the same




(970 feet) (39)

FRAME 40.

Spot elevations and bench marks (identified in the legend .of your LEAVEN-
WORTH map) are elevations which have been measured by surveyors or map
makers at prominent locations, such as road junctions and hilltops. Along thée

)

" south edge of the LEAVENWORTH map, the number 946, between grid lines 31

and 32, refers to a road junction. This is the of the junction.
e
‘
(b. 600, c. 460) (58) - \
FRAME 59,

Step 3. Add one contour interval value to the highest and subtract one
value from the lowest contour elevation. This will take care of the hilltops and
‘draws. The contours to be drawn in the profile, including the added and sub-

tracted values, range from to N

a. 400, 600 - b. 420, 640 ' c. 440, 620

v -

.

5—4 : 1777 .




(contours) (2)

FRAME 3.
“ Refer to coordinates 4152 on your LEAVENWORTH map. Note the many
‘ which indicate hilly terrain.

hrown

(elevation) (21)

FRAME 22.
The contour interval is the vertical distance represented between one contour

and the next one to it. Whatever the horizontal distance between the two con-

tours, the vertical distance between them is the




(elevation) (40)

FRAME 41.
Prominent features (hilltops, road junctions) may be referred to by their

elevations. For example, the hill at grid coordinates 485536 on the LEAVEN-
WORTH map could be called which of the following?

a. hill 967 b. “hill 769 c. RI 970

I : A

(e 440, 6209 (39
FRAME 60.

Step 4. Place a sheet of lined paper along the profile line with the lines
parallel to the profile line (Panel 5-14). (Graph paper may be used or uniformly
spaced lines drawn on a blank sheet.) A line is needed for each contour between
the valudes determined in step 3. Including lines for the 440 and 620 contours

-

how many are needed for the profile? (Panel 5-14)

Al

Fa. 6 ‘b. 8 c. 10




-~

contour, lines) (8
Ny ( 0 ) (3) .
. FRAME\}. ) -

A eontour line stands for height above a certain level calted base plane or

datum. Thus, a 960-foot cénltéur line means it is 960 feet above the
. o . ¢ - .

. -

o,
e,
<

- -

‘o, »

Set 5-2. DETERMINING ﬁGROUND.SHAPE/S FROM CONTOUR LINES

(same) (22) R .', . ) ,
FRAME 23. INFORMATION FRAME.

You can determigfe ground shapes ~- the size and shapes of hills and valleys,

4

steepness of slopes,’ and related terrain cpnditioﬁs — by studying the shapes and
patterns of the contour liltes. A careful exéminatign <;f the contour lines on the
map is therefore 'neceséary to properly “see™ the terrain in which you intend to
operate. This would enable you, for example, to avoid excessively steep slopes
and other hindrances to your actual travel on the ground, and to avoid locating

‘bivauacs and vehicle parks in areas subject to ﬁoodiﬁg.

v

n “1R0)
‘




Set 5-4. COMPUTING SLOPE

-

(a. hill 967) (41)
_'FRAME 42. INFORMATION FRAME.

You will recall that when you learned about contours, you saw that contour
spacing on your LEAVEN WORTH mz'ap indicate'zi the ty;;e of slope. Closely spaced
contours, for example, represented a steep slope. ’{‘he* steepness of slopes is
obviously very important in planning the n.lovement: of a unit, since steepness
affecté’ mo!;ility, concealment, use of plunging fire, etc. In the next few frames,
you will learn how to compute accurately the slopes or gradients of the ground

, on which your unit may have to operate.

<y

™ (e. 10. The difference in elevation (620-440) is 180 feet or nine 20-foot intervals.
«~ It will require 10 lines to show these nine intervals:J (60)

y FRAME 61. "
Step 5. Starting with thé lowest value at the bottom, label each line con-
secutively with its propér contour value (Panel 5-14). You will have 10 labeled

lines ranging from to
3. 440 -620 b. 460- 600 c. 480-580
’ ]
5 — 8 1 H1 ' ‘ LY . -




(datum (base plane)) (4)

FRAME 5. |
The datum used on military maps is mean sea level (average sea level). The

960-foot contour, no matter on which map it is drawn, is always 960 feet above

(Go on to the next frame) (23) -

AN

FRAME 24. ~
Peaks or hilltops (Panel 5-2) are easily identified because the contours close

to form concentric circles, ovals, or loops. Remember, contours forming concen-

tric loops depict

[ 13




(Go on to next frame) (42)
FRAME 43.
Ground slope is a ratio of vertical distance to horizontal distance or
vertical distance
horizontal distance

The gradient is one way of expressing

. This ratio expressed as a simple fraction is called a gradient.

VD
(Vertical
Distance)

- (Horizontal Distance)

(a. 440-620) (61) .

FRAME 62.
Step 6. Mark the position of the starting and finishing points (A and B)

on the edge of the lined paper (Panel 5-14). (Include any of the points with
known elevations, such as road junctions.) In effect, you have markea the distances

between these points on the paper's edge. This gorresponds to which distance

be@fegn the points?

a. horizontal * b. vertical




-

(mean sea level) (5)

FRAME 6.
On maps, the vertical distance or height above mean sea level is called eleva-

tion. The 960-foot contour, being 960 feet above mean sea level, is 960 feet in

(hills ¢peaks or hilltops)) (24)

FRAME 25.
Contour lines that show a relatively low point, frequently between two hilltops,

.along a formation of high ground indicate a saddle (Panel 5-3). As a general rule,

a ._ i8 a noticeably low spot along the crest of a high

formation.

5—11
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~\

-(slope) (43)
FRAME 44.
To compute gradient, the horizontal and vertical distance must always be

the same units of measure such as feet, yards, or meters. When the slope is

) . VD, o e
expressed as a fragction (— in the same units), it is called a
HD

(a. horizontal) (62)
FRAME 63.

Step 7. From the st,a'rting and finishing marks, draw perpendiéulars straight
down across the horizontal lmes to their ‘elevations #s indicated by the spaced
and labeled lines. Mark these elevations with a dot. For example, the ‘starting

point, A, (Panel 5-15) has an elevation of 538 feet. The perpendicular should

“be marked between the 520 and 540 lineg" at an elevation of _ feet.

+




(elevation (Note: In mappmg, elevation is height above mean sea level, whereas
in artillery, elevation is a vertical angle or angular height from a horizontal

plane.)) (6)

FRAME 1.
Refer again to coordlnates 4152 on your LEAVENWORTH map and you w111

find 900 printed in brown on a contour line. This means that the 900 foot contour

bemg 900 feet above mean sea level is 900 feet in

(saddle) (25)

FRAME 26. )
' “A ridgeis a formation of' high ground, often consisting of a sefies of connected

peaks and saddles. The ridge “line” follows the backbone, or highest points, through
the formation (Panel 5-4). Contours cross the imaginary ridge “line” at right

anéles and turn back to parallel the i'fdge line, The series of connected peaks-

and saddles along the backbone of a formation of high ground definesa




(gradient) (44)
FRAME 45.
The contour interval (vertical distance two contours) is 20 feet. The hori-
zontal distance between the same two contours measures 100 feet. The gradient
.. 20 feet 1 . .
{ground slope) between these contours iIs ———— or -. What is the gradient
. 100 feet 5

if the horizontal distance bétween the contours increasés to 600 feet?

1 1 ] 1
a. - b. — c. —
5 30 * 600
(538) (63)
" FRAME 64. ) ¥

! Step 8. At each contour line crossing or touching the profile line, draw a
perpendicular to its corresponding elevation and mark this point (Panel 5-15).

The profile will cross through all the marked poirits and shows the

view of the ground (not to scale)

3 »

N R RN




. (elevation) (7)

FRAME 8. .
Refer to grid square 2852 on your LEAVENWORTH map and you will find

another contour whose height is printed in brown on the contour line. The

>

-

elevation of the contour is feet.
. ~

Y

» (ridge) (26)

FRAME 27 : ‘
LA protrusion‘ or extension from a hill or ridge into lower ground is a spur,

The contours follow around the spur in a U-shape with the U pointing downhill *

(Panel*5-4). The aistinguishing _bgyharacteristic of a spur is the contour pointing

“" downhili'ih a __: . shape.

b, U ~ e M-




© 1 VD 20 feet : :
(b = = = 2 feet _ 1, 45 .

30 HD 600 feet 30 :
FRAME 46,

VD 1
Slope can also be expressed as a percent or — X 100. The — gradient.
“HD 30

of the last frame equals i X 100 or 3.33 percent slof)e. What is the percent
. 30 .

slope of the 100-foot spacing in the ‘previous frame ?

a. 5 - b. 20 ) c. 33

-

(side) (64) N
FRAME 65. ’

___‘7% ‘ Step 9. The higher goints along the profile line will be the hilltops and
ridges. The lower points will be the draws and depressions. Mark the positions
of ‘each one and draw the perpendiculars across the. horizontal lines to their
elevation points on the ruled spaces. (See Panel 5-16.) The profile will change
direction (up to down or vice ‘vérsa) at these criFical points which‘ define lt}}e

and ' - points along the profile,

5—16




(1000) (8)
FRAME 9. INFORMATION FRAME, )
Refer to grid square 2852 again. You see that there are many other contour

lines besides the one you found to be 1000 feet in elevation. You will now learn
how these other contour lines show changes in elevations. Each of these contour
lines, though not numbered, also represents a specific ground elevation. On the

LEAVENWORTH map, each change of elevation of 20 feet is shown by a solid

contour line,

U @D ' L | \

FRAME 28, T
As contour lines approach draws (beds of ruxﬁ)ing or dry streams), they turn

upstream and run along the sides untN they cross. Contours cross draws and

turn back in a characteristic V shape with the V pointed upstream (Panel 5-5).

To identify a draw, you must locate the upstream pointing of the

contours.

a. V-shape. b. U-shape. - ¢. M-shape.




20
(b. 20. — X 100 = 20 percent slope) (46)
100

FRAME 47. . s
* Refer to your LEAVENWORTH map. You want to find the percent of slope
of the ground between the dirt road junctior at 482534 and hilltop 967 to the

northeast. You must determine first the distarce afid the

distance between the points.

(highér, lower) (65)
FRAME 66. ' .

Step 10. Connect all marked points with a smooth natixral cmuxrve. (See
Papel 5-17.) The curve will change diréctién at the perpendicular lines indicating
high and low points. At the hilltops (ridges) the curve will be smooth and ’

rounded, while in the draws it will turn back in the form ofa______ _  shape.

a.‘U. b. Vv c. M




(Go on to next frame) (9)
FRAME 10. )
Look at Panel 5-1. It shows a horizontal plane cutting through a hill. The

line marking all the points where this\\plane cuts tﬁe‘\hill is at the same elevation.

]

It is called a _ line.

&

R

(a. V-shape) (28)
* FRAME 29. , ‘
In mountains or hills of higher elevations, draws are narrow but as they
reach lower elevations, they become lz?.rger and are often wide enough t6 permit

+

at least limited maneuvering oi; military unit. These wide portions ‘are cdlled

valleys (Pax'lel 5-5). The retain the V~shaf)e characteristics
of a draw.
e
. |
. . ‘
}
-~ 192 (519




.
N /
L]

(vertical, horizontal) (47)

FRAME 48. "

Use the edge of a sheet of paper to measure the horizontal distance. Transfer
this measurement to the bar scale (in YARDS) and read the number of yards.
Muitiply the yard réading by 3 and you have the horizor{tal distance in feet, What
is the approximate distance? s
a. 85 b. 500 c. 1400 »

(b. V) (66)
FRAME 67. ' ‘

For.a hasty profile, only the contours identifying the high and low points are
plotted. (See Panel 5-18.) The remainder of the profile is completed by joining
these points. The high and low points identify which_ map features?

- & ridges and draws b. road crossings ¢. woods lines

.

5-—20




(contour) (10)
FRAME 11. 7

A contour hne drawn above or below the first one would be at a different
elevation. The contour interval is the difference in between
adjacent contour lines. If 1000-foot and 980-foot contours are adjacent contours

on a map, the contour interval is ___ feet. (Panel 5-1) The next lower

contour line going down towards a stream or draw would be

(valleys) (29)
FRAME 30.

A large hole, sink, or depression in the ground (Panel 5-6) is q}'}OWn by a
closed loop contour. Ticks are added inside the loop Q‘indicate thagl the lower
ground is inside the contour. When ticks appear along a contour, t}/xey indicate

that the-ground on that side of the contour is L {

h
i

194




(1400. The distance measures about 470 yards on the bar scale and therefore
approximately 1400 feet) (48)

FRAME 489.
For the vertical distance, start with the road junction. It falls halfway

between the 900- and the 920-foot contouré, or at _ feet.

(a. ridges and draws) (67)

FRAME 68.
The profiles just completed can be exaggerated in a vertical direction depend-

ing upon the spacing between the parallel horizontal lines. This exaggeration
of the lines.

may be varied to suit any purpose by changing the

145




(elevation, 20 (1000 - 980 (difference in elevation) equals 20 feet)(960)) (11)

FRAME 12.
No matter how far apart two adjacent contours are drawn on the map, the
between these two

contour interval defines the difference in

lines.

¢ (lower) (30)

FRAME 31.
Roads and railroads are cut through hills and spurs and are built on fills across

draws and low places (Panel 5-7). On a map, cuts are indicated by solid brown

lines that are parallel to adjacent roads, railroads, or other manmade features.

Fills are also indicated by lines adjacent to roads, railroads,

or other features but have ticks added to indicate the

direction of lower ground. .

5—28
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(910) (49)

FRAME 50.
The measured elevation above sea level of the top of the hill (967 feet) is ,

shown on the map. To find how high the hill is above the surrounding terrain .
(vertical distance), subtract the elevation of the bottom of the slope at the cross-

roads (910 feet) from the elevation of the top 6f the hill (967 feet). The vertical
distance is feet. Vi

. Set 5-6. USE OF PROFILE TO SHOW AREAS OF CONCEALMENT

(spacing) (68) -

FRAME 69.
Profiles are used to determine where friendly and enemy forces are intervisible

(can see each other). The high points will block the view or line of sight, and

anything behind the points will not be seen.
.

5—24
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(elevation) (12) _ ’

FRAME 18. ) ) )
Refer to the marginal information (bottom center) of the LEAVENWORTH

map., What is the contour interval for this map?

a. 5 feet oo b. 10 feet c. 20 feet ’

<

Set 5-3. SLOPE

-

(parallel) (manmade) (31) .
FRAME 82. o

The horizontal spaéing betv;een two adjacent contours represents the hori-
zontal distance between the two elevations on the ground. (See Panel 5-8.) The

slope of the ground between two contours is ‘pictured” by the contour interval

.

(vertical distance) and the spacing or distance.

-




(57 feet) (50) .
FRAME 51. -

.. The vertical distance from the hilltop to crossroads is 57 feet. The horizontal

distance between the hill and crossroads you found to be 1400 feet. The slope
’ <~

VD 57 feet
of the hillside is —, or —i. What is the percent slope? \\
HDr 1400 feet .
' . \
1 . \
8. — b. 25 c. 4 \
25 \

(high) (69)
FRAME 70. ‘
Refer to Panel 5-12. Profile A has an observation point at the left with the
" line of sight drawn over each intervening high point. The shaded areas behind the

_hills and under the line of sight are (since a line of sight

is always a straight line).

a. visible b. invisible

5—26 ) 199




(c. 20 feet) (13) ,
FRAME 14. .

Each plane represents contours at a different elevation, and the distance or’

interval between planes is the (Panel 5-1).

(horizontal) (32)
FRAME 383,
Contour patterns indicate steepness of ground slope. (Panel 5-9) Widely

spaced contours indicate a gentle Steep slope is indicated by

spaced contours.

-




57 ¢
(c. 4. —— X 100 = 4 percent) (51)
1400
FRAME 52. '
Slope can also be expressed as an angle or “degree of slope” (see sketch).

.

The gradient converted to a decimal is the tangent of the slope angle. For example,

1 ’ '
- = 0.2, expressed as a decimal. This value, 0.2, is the tangent of the slope
5

’

angleor____ of slope and is found in a table of trigonometric functions.

. side opposite VD
The tangent of the angle of slope = —————— = —,
side adjacent HD

b —~—

VD (side opposite)

Angle of slope
HD

" (slde adjacent) e T

(b. invisible) (70)
FRAME 71. - . - e
The shaded areas (Panel 5-12) also can tell you heights of objects which will '

be concealed. You measure these heights from the contour line values on your

profile. Shaded areas show the of objects that can be

concealed.

s




’. .
> (contour interval) (14)
FRAME 156. .
" Contour lines are drawn as brown lines on the map. Every fifth line (starting
from zero elevation) is made heavier and is called an index contour. Printing the ,
contours &s heavier lines makes the map easier to read.*
B * {\ e
? -
* \
7’
\]
| ) , ‘
M ) ¢
T L BT *:—'r.
(slope, closely) (33) ) 4 -
FRAME 34, o ’
- Referring to.your LEAVENWORTH maﬁ, érid square 2849 would appear to

slopes compared to the slope in most of the area in grid

i

have

square 2949,

.




(degree) (52) /
FRAME 58. -~ N
If you consult a table of trigonometric functions, you find that .2 is the
-tangent of 11° 20’. Approximate slope angle or degree of slope can also be
v caleuldted without the use of the tables. Multiply the gradient by 57.3.and the

1 .
result is the approximate angle of slope in degrees. For example, — gradient —
. g 30

1
— X 57.3 = 1.9 or 2° of slope when rounded off. What is the approximate slope

30
1
in degrees if the gradient is ~? >
. 5
a. 5 b. 81 e. 11%

(heights) (71)
FRAME 172. ’

The extent of the hidden area (in a horizontal direction) is determined by
transferring.the shaded area poin'ts back to the map. Several profiles radiating
from the observation point will define the of the area hidden
(Panel 5-12).

203




(index) (15)

FRAME 16.
As you have seen, the LEAVENWORTH .map has a contour interval of 20

* feet which indicates a difference in height of 20 feet between contours. You note

from your map that the index contours (every fifth contour) are the

-

foot contour lines.

{gentle) (84)

FRAME' 35.
Evenly spaced tontours indicate a ur;iform slope (Panel 5-10). If they are

uniform slope; if widely

‘closely spaced, they represent a

spaced, a uniform slope.




1
(e. 1115, - X 571.8 = 1115 degrees of slope. Note: This method is reasonably
5 ,

accurate up to 20'degrees of slope.) (53)
FRAME 54.

Slope may be rising (up) or falling (down), and a plus or minus, respectively,
*
is added. The slope of a road is 3 percent from elevation 500 to elevation 580.

How is this expressed?

”

a. +3 percent \ . b. -3 percent

(R

(extent) (72)
. FRAME 738.
Using the heights of the hidden area (defilade) from the profile, a commander

N\

can select the best route to cover the movement of troops and equipment. On

profile A, Panel 5-12, how many of t.hg three draws will safely hide vehicles and

troops?
»

- . N

a 1 b. 2 - c. 3




(100) (16)
E 17.

S

.-i,.x

(steep, gentle) (35)
FRAME 38. -
Change in contour spacjng along a slope also indicates a type of slope. Closely

spaced contours (steep slope) at the top and wider spacing (gentle slope) at the

bottom (A, Panel 5-'1'0) represent a slope. Wide spacing

(gentle slope) on top and close spacing (steep slope') near the bottom iB, Panel

5-10), indicate a slope.




Set 5.5. CONSTRUCTING A PROFILE
(a.  +3 percent. This slope is up or rising from 500 to 580. In the other direetion, -
the slope from 580 to 500 is minus (down or falling) (54)
FRAME 55. INFORMATION FRAME.

A profile or side view (cross section) of the ground along a selected line or
 direction can be used to determine where friendly and enemy forces are intervisible
(can see each other). Certain high 'points might block the view or line of sight
from one point to another. The next few frames will show you how to construct

a profile of the ground from the contours shown on your map for the same area

(see Panel 5-12).

Set 5-7. ADDITIONAL MAP TECHNIQUES WHICH SHOW RELIEF

(b. 2) (18) ) A .
FRAME 74. o '

Hachqres are short brown lines or ticks drawn in'a pattern to represent land
-forms (relief). The length and spacing of the ticks create a picture of the slopes,
~ but do not indicate amounts. Hachures, added to contour maps, éhggv “detail too

small to be indicated by the contour interval. What other brown line symbols do

hachures replace in this case?

a« index contours b. intermittent streams ec. supplementary contours

2077




(1000, 1100) (17)

FRAME 18. '
The four contour lines between index contours are called intermediate con-

tours. The brown line is thinner than the index contour, and usually elevations

are not shown on these lines. The thin lines between index contouts are called

the contours.

\ S

(concave, convex) (36)
FRAME 37. '

As the ground slope increases in steepness, the contours appear closer to-
gether. On a vertical slope or cliff, there is no horizontal spacing between contours

(Panel 5-11). They appear as a single line. When contours on a map run into

»~ .o o

a single line, the ground formation is a

-
.

5—35




(Go on to the next frame) (55)

FRAME 56.
t
A profile can be constructed between any two points on a contour map. For

- ¢

example, the slopes of a road between road junction 538 A and road junction 520 B
in Panel 5-13 are required. The profile along this line (Pé.nel 5-13) will show
all the )
I 4
. ’t

(supplementary contours) (74) o ) '
FRAME 75. o

Relief may also be indicated on maps by layer tinting, shaded relief, and form
lines. These methods are described in FM 21-26. Like hachures, these methods

indicate only specific qualities of the land forms, such as size or extent. Measure-

ments of the relief, such as slopes and elevation differences, cannot be made as

with

»

; 2()9




(intermediate) (18)

FRAME 19. -
In relatively flat terrain areas, relief changes are gradual so th

interval (20 feet for LEAVENWORTH map) may be too great t | show critical
_landforms. Supplementary contours are added in these areas only, to show the
than 20 feet. When contours are

-~

Jt the contour

changes of
used, an explanatory note is placed in the margin.

{

i
I
{

Turn back to bottom of page 5-1 for frame{ 20

(cliff) (37) /

FRAME 38. )
Contours also provide elevation information for the lgcations on a map. A

960-foot contour passes through all points which are 960 feet in elevation. If

the 960 contour passes through a road junction, the elevat}on of the road junction

is

Turn back to top of page 5-2 for| frame 39
5—37
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(slopes) (56)
FRAME 57.

Frames 5-57 through 5-67 discuss the steps in constructing a profile. Refer
to Panel 5-13°in studying the steps to follow.

Step 1. Connect the two points, A and B, with a straight line (Panel 5-13).
This is the profile line. The gide view of the slopes will be shown along this

-

line, ’

Turn back to bottom of page 5-2 for frame 58

(conttours) (75) \
END OF FRAMES FOR PART V

\e 241




. PANEL 5-1
s . . CONTOUR LINES AND INTERVALS

.1

-

HILL
" Honzontol Z , N /
Pione

Contour line

’ [

» ~
Horzontol
Plone

1000 f1 Plone/ -

, - 2
, 20 foot

© Interval
/ L_)AH Plone

\
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PANEL 5.2 — HILL
Hill

“ “ . ~—‘“.-WJD.EQ‘%“--“\
\\‘""' ="

A.-—-- ~ ‘ \ f“”‘
, "'Jllhunhlllu'w it /* S .\
~

Hill




)

PANEL 5-3 — SADDLE

N Saddle
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PANEL 5.5 — VALLEY AND DRAW




PANEL 5-6 — DEPRESSION

— =
e v
N - e e Py
\ — - JA
e o —— ——-
T -z -
- R ~ - N

— -

= AT .~ -
PR, Y G -

= \\‘ - ~

TN




PANEL 5-7- CUT AND FILL '

Cut

\
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PANEL 5-8 :
CONTOUR LINE AND ACTUAL SLOPE OF THE GROUND

¥ 4
‘ ¥
MAP VIEW
y 980\ Horizontal spacing 960
Contourl ) — JContour
, i
|
E,levation“
980 Feet
| 8O Fee S)‘/,_.,pe
Vertcal distance
2contour intervai
z 20 feet ,
N . Elevation
X . X 960 Feeat
(o Horizontal distdnce .

SIDE VIEW |

5—46 .. 219




¢ PANEL 5.9
CONTOUR SPACING AND SLOPE- OF THE GROUND

\iﬁNTOURS CLOSE CONTOURS MUCH FARTHER APART

STEEP SLOPE GENTLE SLOPE

980 l960 980




PANEL 5-10 — SLOPES

DOWN

DOWN

GENTLE
UNIFORM
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PANEL 5-12
PROFILE WHICH SHOWS VISIBLE AND INVISIBLE AREAS
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TS~ protite C

INVISIBLE AREAS TRANSFERRED TO MAP

NOTE: Intervisibility cannot be determined from a profile based

on contours alone, Heights of trees and other intervening
~ objects must be taken into acccunt.
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PANEL 5-13
CONSTRUCTING A PROFILE _

U

PROFILE LINE /

500

Slopes (contours) between two points(road junctions) on a road.
The straight road can be used as the profile line.




PANEL 5-14

o CONSTRUCTING A PROFILE (Continued)
e

POINTS OF KNOWN ELEVATION
TICK-MARKED ON EDGE OF PAPER

AN
e \
s/ ;

2| h\w IEIRNIE

520
620@538 ®

600
580
560
540
520 — =
500
480-
460
440

FINISHING
POINT

M 500 —

e — - .

s
M

-

Shaet of paper : J

r
Place sheet of lined paper along profile line and mark

points of known elevation . .

Any paper with evenly-spaced horizontal lines,
Such as graph or notebook paper, may be used.
The wider the épacing of the lines, the greater the
vertical exaggetration in the profile. However, the
indication of intervisibility along a line of sight is
Dot affected by the vertical exaggeration in the pro-
file,

J ¢




PANEL 5-15 -
CONSTRUCTING A PROFILE (Continued)

e —
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620 —
600 !
580 r R
560
540 : :
520 — ;
500 =2 —
480— _
460 -
440

— o —

—

ODraw perpendiculars down across horizontal lines for
each marked point
R e




PANEL 5-16
CONSTRUCTING A PROFILE (Continued)
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o
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Identify the high and low points along the profile
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PANEL 5.17 ©
CONSTRUCTING A PROFILE (Continued)

Connect all marked points with a smooth curve
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" PANEL 5-18
CONSTRUCTING A HASTY PROFILE

560 — / 5
540 J\ . N N\
520 — =gy - — \
500
480
460
440

Sheet of paper J

Plot only the contours identifying the high and low points.
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- PART VI
MAP SUPPLEMENTS AND SUBSTITUTES

o

FRAME 1. INFORMATION FRAME, _ )

If no maps are av;a.ilable for an area of operation and there is not enough
time to Prepare them, map substitutes must be used instead. If there are maps,
but they are out-of-date or incomplete, map supplements are needed to give more
or newer information. Map supplements and substitutes may be single photo-
graphs, photomosaics, photomaps, pictomaps, overlays, or special military sketch

ma;;s. The following frames discuss the different kinds of map supplements and

substitutes.

(orient) (81)

- FRAME 382, .
As you learned in Part IV, there are three kinds of north on a map: true,

grid, and magnetic. Any of these norths can be transferred from map to photo,
but magnetic north is the most commonly used direction on photos. The north

line usually plotted on a photo shows the direction of north.,




(hangar) (62)

FRAME 63.
Some or all of the five recognition factors may be used to identify. objects on

a photograph. For example, you look at a small (size), round (shape), gray

(tone), object that looks like a farm silo, a haystack, or a water tank. You still

have two of the five factors to consider, , and

(photographic) (93) ° '
FRAME 94. ‘ i
Refer again to the Fort Belvoir pictomap, grid squares 1285 and 1385. Notice -
that large imf)ortant Buildings are shown by red symbols, drawn the same size
and shape as the actual photo image. Many smaller buildings which are either
¢ isolated or not part of a regular pattern are also shown in red because their ph"oto
images might not showb up through thta colors of the pictomap. Thus, buildings

may be shown either by their photo images or by the same symbols used on

¢




(Go on to next frame) (1)
SN " Set 6-1. TYPES OF PHOTOGRAPHS

Naga

L 4
An aerial photograph is taken by a camera mounted in an aircraft flying

above the earth's surface. Thus, a photograph taken from an aircraft is called

an photograph.

(magnetic) (32) @

FRAME 33.
To plot .the magnetic‘ north préng on the photo, it must first be constructed

on the map. Draw an angle from a north-south grid line, the value of the G-M
angle given in the declination diagram in the lower margin of the map. Be sure

to use the value of the angle, rather than the plotted diagram, which may be

exaggerated for clarity. The G-M angle is plotted from a

grid line on the map.




(shadow, relation to other nearby features) (68)
FRAME 64.

Consider the relation of the small, round, grayish object to other nearby fea-
tures. Near a group of farm buildings, it might be a silo or a haystack; near a
railroad track, it might be a water tank. This leaves one more gact,or, ] _ «

to consider.

[{topographic maps) (94)

FRAME 95. .
As you have already learned, contours are shown in blaokhdn. a pictomap, in-

stead of the brown used on conventional maps. But they are read and mterpreted

in the same way on a plctomap as on a topographic map. Refer to grid square .

1282. The contours along the shoreline are close together. Would you describe

this slope as steep or gentles?

[a




(aerial) (2)

FRAME 3.
A photograph can be taken, processed, and distributed in hours while a topo-

graphlc map takes much longer to produce. What is one advantage of the aerial
) photograph over a topographic map?

a. quicker io produce

b. larger
¢. shows contours better

(north-south) (83)

FRAME 34.
With the photo image correctly'alined with the map features, draw a line on

the photo parallel to the direction of magnetic northeon the map. Label this line

with the half-arrow used for magnetic north. This line i3 used to indicate the
north dlrectlon on the photograph.




(shadow) (64)

FRAME 65.
Shadows present a side view of the object. On a vertical aerial photograph,

the overhead view of an object is often unfamiliar. The shadow of an object
reveals the more familiar outlime of its sides, aiding in its recognition. Also, since -
the taller the object, the longer its shadow, we can establish the relative height
of an object, often the only way to distinggish it from another of similar shape.

On any aerial photo, the longer the shadow cast, the the

- object.

(steep) (95)
FRAME 96.
’ Pictomaps are usually prepared at a larger scale than standard topographic

maps because the photo image ‘gjlows up better at larger scales. The scale of the

Fort Belvoir and Vicinity Special Map is




(a. quicker to produce) (3)

FRAME 4.
When the camera is pointed straight down (vertically) toward the earth, it

takes a vertical photograph (Panel 6-1). Tilted at an angle to the vertical, it
takes an obligue photograph. What determines whether an aerial photograph is

vertical or oblique?
a. altitude of the plane

b. size of the camera lens

c. tilt of the camera axis

(magnetic) (34)

FRAME 35.
Once the magnetic north direction line is plotted on the photograph, it can be

easily oriented to the ground with the aid of a magnetic compass. Place the line

of sight of the compass on the magnetic north line drawn on the photo, and turn

photo and compass until the compass north arrow coincides with the north line

drawn on the photo. The magnetic north line on the photo is now oriented to the

ground direction.




(taller) (65)

FRAME 66.
On a photo you note, in the\\iddle of a field near a farm house, a round ob-
Jject which casts a short shadow. 'You recognize it as a haystack. Close to the

farmhouse is another round object which casts a shadow several times as long.

This object is than the haystack. Its

to the farmhouse would indicate that it is a silo. .

(1:25,000) (96)

FRAME 97.
Your map scales and protractor can be used with a pictomap just as with a

v

topographic map. When you want to determine the coordinates of a point on the

Fort Belvoir pichmap, which of the map scales would you use?

1 ' o 1
: , b

25,000 K 50,000

v




(c. tilt of the camera axis) (4)
FRAME5..

If the camera is tilted enough, the earth’s horizon will appear in theiphoto-
graph (P'anel 6-2). This is called a high oblique. When the camera is not angled

enough to show the horizon, the photograph is a low oblique (Panel 6-3). On a
shows on the photograph.

high oblique photo, the

(magnetic north) (35)

FRAME 36. . Ve
If north on the photo and on the ground agree, ALL

agree,




(taller, relation) (66)

FRAME 67.
Using information from the previous frames, you recognized the silo by its

size (small), : (round), tone (gray), (height),

and to other nearby features.

-

) (97)

(

’

FRAME 98.
A pictomap, like a photomap, has bar scales for distance measurements, grid

squares for location of objects, and a declination diagram for the plotting of azi-
muths. It also has a legend and other marginal data to explain the topographic
maps.

gymbols, just as do




(horizon) (5)

FRAME 6.
The sketch shows the camera pointed for high oblique, low oblique, and verti-

cal aerial photographs. Which of the following camera positions will produce a

vertical photograph? . o

(v « J T

(directions) (36)

FRAME 37.
With the photograph oriented to the ground, sighting the compass toward any

object will.result in which reading?

a. magnetic azimuth b. distance c. elevation




(shape, shadow, relation) _(87)
FRAME 68. o
As you have seen, tone (or texture) can also aid in identification. Refer to

Photo A. The woods in grid square 5047 show a rough or mottled
< .

-

(topographic) (98)
FRAME 99. INFORMATION FRAME.

Pictomaps, like photomaps, sometimes contain distortions of the photo image
owing to relief. When this is the case, the pictomap should be used only to sup-
plement the information on a topographic map. A note in the margin informs the
user of this condition. If the pictomap was prepared from an orthophotomap (sée
frame 88), the photo detail is as accurately positioned and scaled as on a topo-
graphic map and the note is omitted. Refer to the Fort Belvoir pictomap. Notice
the caution note printed in red on the left side of the lower margin. Distances
measurec.i on this pictomap should be éonsidered approximate, those alop.g level

stretches of ground are more reliable than those in the areas of relief variations.

Azimuths are also subject to error because of the possible displacement of the

photo image.




* (b, distance) (6) /\

|l
FRAME 1. . S \\

When aerial photography is made for reconnaissance or map-}‘naking pur-
poses, the aerial camera takes a series of pictures, called a flight, as the aircraft
ﬁies along. Each succeeding photograph in a flight overlaps the one before by a
planned amount, as shown in Panel 6-4. The series of overlapping aerial photo-

graphs taken as the aircraft flies along is called a

(a. magnetic azimuth) (37)
FRAME 38.

To find the magnetic north direction on a photo when a map is not available,
at least two objects (for example, a church and a crossroads) which appear on
the photo must also be identified on the ground. The magnetic azimuth between
these two points on the ground is determined with a compass. The line of direc-
tion between the images of these two points on the photograph represents the

same magnetic azimuth, and can be used to plot the

~

north line on the photograph.




(tone (texture)) (68) . | >
FRAME 69, (
A slow flowing river (also undisturbed lakes or ponds) shows a smooth, even ’\\’

texture or tone. If the water surfaces were roughened (fast flowing river or wind

blown pond), the photograph wculd show a rough

Set 6-10. OVERLAYS

(Go on to next frame) (99)
FRAME 100. INFORMATION FRAME.

It is often necessary to indicate the position of units, fortifications, etc., as
well as the natural and manmade features shown on a map or photograph. This
enables you to “see” these units in their relation to the ground features shown
on the map. To accomi)lish this, an overlay — a translucent (almost clear) or
transparent (clear) sheet of paper or plastic — is positioned on the map and the
military symbols'of units, etc., are drawn on this overlay in their proper positions

with reference to the map beneath.




- N

Set 6-2. USE OF N(ARGINAL INFORMATION ON PHOTOS

(flight) (7)
FRAME 8. INFORMATION FRAME.

Photo intelligence analysts and map makers use specialn gquipment to study
overlapping pa,irsz of piiotographs. Single photographs, however, are valuable
sources of information if you know how to read them. The margin§ on the photo-
] graph contain much information about how, when, and where the photograph was

taken. This information jis used to locate the phqtggraph with relation to the
ground, to determine the scale of the photograph and to aid in the identification

of images on the photograph.

(magnetfc) (38)
FRAME 39.

To orient a photo in the field when a compass is not ayailable, find ai‘Ieast
two distinctive objects un the photo which you can identify on the ground. Rotate
the photo until the photo\images of the objects are in the same direction and ~

. -
relationship as on the ground. Your photo is now




(texture (téne)) (69)
FRAME 0. )

Refer té photograph A, fl:u'nished with this text. The identiﬁcation\ factors
will be used to identify the school in the upper left corner of grid square 5151,

1. The object is much larger than a house when éompared with the

of the houses in the nearby developmént.

2. The angular outline or i identifies it as a manmade

rather~than a natural feature.

3. The of the object is different from surroundi_hg areaé,

either natural fields or paved areas.

4. The cast by the object indicates that it is a sprawling
structure,.taller than individual houses, but lower than most office or apartment
buildings. _ )

5. Its to'the athletic fields which make up most of the

surrounding grounds makes its identification as a school most logical.

4

(Go on to next frame) (100)
FRAME 101. ! -

By means of an overlay, both the symbols for uﬁits, fortified positions, etc.
and the features on the map can be read at the same time. However, information
can be of li.ttle value unless the user can refer it to the map for which it was

préﬁa'ped. Therefore, the preparer must identify the for which

theé o{/erlas'; was prepared. : ’




(Go on to next frame) (8)

FRAME 9. ’ .

i Photographs in each flight are numbered in sequence and the number placed
in the margin of the photograph. To identify a pz}rticular photograph in a flight,

~ you must locate its exposure number in the of the

v

photograph.

S—

~r

Set 6-5. LOCATING POINTS BY POINT DESIGNA'TION GRID

(oriented) (39)

FRAME 40. INFORMATION FRAME. |

__ To locate points on a photograph, a point designation grid is used, just as the
military'grid is used to lgcage poinlts‘ on a map. However, the method of point
location is the only similarigy' between the uses of the two kinds of grids. On a
‘large-scale map, the distance between grid lines represents a specific distance on’
the grouna — 1,000 meters — and the vertical grid lines represent the direction
of grid north. But on an aerial photograph, the point designdtion grid cannot
répresent a specific groun;f distance because the scale of each photu varies, where-
as the spaicing between grid lines remaing (;o_nstant. And since the construction

of the point designation grid is based un the format of the photo, it does not fep-

resent any particular direction. The point designationgrid 18 used solely to locate
points on a photograph. = i S ) 7

’

‘
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Set 6-7. PHOTO ORIENTATION FOR STUDY

(1. size, 2. shape, 3. tone, 4. shadow, 5. relation) (70)
FR.'AME 71. INFORMATION F&l‘IAME. . .

. You have learned in previous frames how to orient a photo to a‘n}ap or to thg
ground. For example, you learned how to locate magnetic north on the photo as
an aid to such orientation. In the next few frames, you will learn how to positio;l
a photo with relationship to a source of light, to better study and identify the

features on it. This is called “orientation for study.”” e

(3

(map) (101)

FRAME 102.
Overlays can be used as annexes to orders or reports to clarify or augment

the written information. Military sy"mbols (units, fortifications, etc.) would be

h foundonthe __ __ __ _ _ _  to further augment and clérify . L
directives. '
. ’ -
6-—18
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(margin) (9)

FRAME 10. ’
In addition to the photo exposure number, the.sortie or mission number is

also given in the margin of the photograph. These items identify a particular

-

photograph. To identify a photo you need two numbers,

and

(Go on to next frame) (40)

- FRAME 41.

The point designation grlid is added by the user to each photograph. Copies
of the same photograph may be used by many different people. Therefore, each

user must orient and draw the point designation grid in exactly the same way.

Otherwise, the point location on one copy will not agree with the

on the other copies.

SN

619

4R

-



(Go on to next frame) (71)

FRAME 72.
In orienting the photo for study, first turn so that you face a source of light,

suchasa windgw ora larhp. Next, turn the photo until the shadows of the objects

on the photo point toward you (Panel 6-13). This creates a natural relation of

light, images, and shadows. As long ag you keep this relation, the photograph is
for

(overlay, written) (102)

FRAME 103. ~
Register marks are traced from the map to aid you in accurately positioning

the overlay on your map. Register marks may be grid line intersections, road
crossings, fiducial marks (on photographs), or even the corners of a map or
photograph. Refer to your overlay. The register’ marks, labeled 30-60 and 40-70,
refer to which points on the LEAVENWORTf—I map?

, & grid line intersections, b. fiducial marks e¢. map corners

. 249




(exposure, sortie or mission) (10)

FRAME 11. “ .
A complete sequence of marginal information appears on the first and last

exposure of each flight. Only selected items are given on the intermediate photo-
graphs. Where can you find the complete data if it is not on your photo?

a. The next photograph in the flight, -

b. The first or last photograph in the flight. ;

¢, The overlapping photograph in an adjoining flight.

(point location) (41)

FRAME 42.

The point designation grid is.drawn by the and all
ey

way. In the next

point designation grids are drawn in the
few frames you will learn how to draw a point designation grid.




(oriented, study) (72)
FRAME 73.

With the photo oriented for study, an illusion of relief is created. The
“shapes’™ (high and low places) are apparent although their amount is not meas-

urable. Orientation for study thus creates the illusion of

<

(a. grid line intersections. The 30-60 and 40-70 are grid line labels.) (103)
‘ FRAME 104.
The user can place t}}e oxl'erlay on the map in the same position as when it
was made if he uses the register marks. On your LEAVENWORTH overlay (and

on most military overlays) the register marks are




(b. The first or last photograph in the flight) (11)

FRAME 12.
Panel 6-5 illustrates two methods of showing marginal information on aerial

photographé. One system is manually lettered, the other records the data auto-
matically as each picture is taken. The style of automatic recording depends upon
the kind of camera used. }leﬂardless of the method used, the same information
is given. Study photograph A, furnished with this text. Is the marginal data

manually lettered or automatically recorded?

(user, same) (42)

" FRAME 43.
Panel 6-7 shows four steps in constructing a point designation grid.

Step 1. Locate the center of the four edges of the photograph. Most photo-

graphs have”rgggrence marks, called “fiducial marks,” which mark the

of each edge.




(relief) (73) N

FRAME /4.
Refer to the aerial photog’rap/h in Panel 6-14. If you look closely at the photo,

you can see that the shadows point generally toward the right-hand margin of
the photo. To orient the photo fo: study you must turn it so that the shadows

(and right margin) are (toward) (away from) you.

N

(grid line intersections) (104)

FRAME 105.
A minimum of two are needed to replace

the overlay in its correct position.

Note: All paper is subject to changes in size, shrinking or expanding be-
cause of heat and humidity. Different kinds of paper are affected in different ways.
For this reason, the register marks on the furnished overlay may not fit exactly
on the indicated grid intersections on the map. In such cases, position the over-

lay to the best average fit.

i

2573

-




(manually lettered) (12)
FRAME 138. .

Refer again to Panel 6-5 and to the furnished photograph, Photo A. What
is the focal length of the camera used to take the photograph?

(center) (43)
FRAME 4.
Step 2. Connect opposite fiducial marks with straight lines. The horizontal

K

and vertical lines will cross at the of the photograph.

6—25
254




(toward) (74)

FRAME 175. -
Holding the photo (Panel 6-14) in this position, turn to face a source of light.

You should be able to “see” some of the hills and valleys or the

on the photo. You see that a gorge or ravine crosses the photo. If you position
the photo the wrong way (with the shadows pointing away from you) the ravine

looks like a winding ' - . Study other objects (especially

manmade ones) carefully to make sure that you he turned the shadows cor-

rectly toward you.

(register marks) (105)
FRAME 106, B -

Refer again to your LEAVENWORTH map overlay. Identification of the
overlay is made in a title box drawn in an unused area of the overlay. The title

box must contain the title of the map for which the was

prepared.

6 —26 . 255




(8”) (18)

FRAME 14.

' To read the photograph properly, the photo user needs to know thé ﬂiéht
altitude — how high the aircraft \;as flying when the picture was taken. In the
automatically recorded marginal data, a picture of an altimeter is usually recorded
on the gide of the photograph. On the furnished photo, the altitude is lettered in
the margin. How high above sea level was the aircraft flying when this photo

was taken?

(center) (44)

FRAME 45.
Step 3. The rest of the grid lines are spaced exactly 4 centimeters (1.575

inches) apart, starting from the center lines in each direction. Each square in

all point designation grids measures _~ cm on each side.

2H6 - 6—=27




(relief, ridge) (75)

(Note: This technique is a form of gptical illusion and depends on time of day
of photography, relief involved, and even the photo processing. If you
don’t suddenly “see” relief, it may be due to the above causes or it may
take awhile to train your eyes to see it.)

FRAME 76.

There are no contour lines or elevations on an aerial photograph. Even the
orientation for study gives only a ‘picture’ view of relief. There'fore, which

measurement cannot be made on an aerial photograph?

a. distance b. direction c. elevation

(overlay) (106)
FRAME 107.
The title identifies the map and the objective describes what the overlay is

trying to show. Refer to the overlay; the objective of the overlay is

n : ?,t;’?

-




Set 6-3. SCALE OF PHOTOGRAPHS. (MEASURING GROUND
DISTANCES) / .

I . P
(7000 feet above sea level) (14) . /\,

FRAME 15, ) C

Distance measurements on g vertical aerial photograph depemme\

scale (RF) of the photograph just as do distances on a map.

photo distance PD
Photo RF = = —— (Panel 6-6)

ground distance GD
The RF oJ the photograph is the ratio (or fraction) of

o

"distance to ground distance. .

4) (45) - &
"FRAME 46,
Step 4. To number grid lines, you must first turn the photo Untll the exposure

/\\
. number and any manually lettered marginal mformatlon is m the normal reading
position. On most photographs this would place the exposure number in the

upper left corner. Any time you use a point designation grid, you must place the
position,

marginal information in the

S~~~




N

Set 6-8. PHOTOMAPS

(c. elevation) (76)
FRAME 71.

Two or more adjoiqing and overlapping aerial photograph:; can l?e ““joined"”
by matching the same images in the overlap area. The resulting larger ‘‘photo- -

v

graph” is called a mosaic. fI;He can be exténded to cover a ¢+

large area by adding more overlapping (and sTd'elapping) photos. (ISanel 6-15)

(situation report) (107 ‘
FRAME 108.
Sir;ce military situations can change rapidly, the timé and date of the infor-

mation are also included in the

-

4




(photo) (15) )
FRAME 16. INFORMATION FRAME. ) )
Ground distance on the photo may be determined in one of three ways: by

actually measuring the distance on the ground between two points that appear
on the photo; by identifying and measur'u;g on the photo the image of some
feature or object whose actual dimensions are known, or by relatmg the measure-
ment between two points on a photograph to the measurement between the same

© two points on' a map of known scale.

4

(normal reading) 46) - ‘ S P
FRAME 41. o :

Refer to Panel 6-7. The center lines, both vertlcal ‘and hgrlzontal are num-
bered 50, The numbers of the vertical lines increase (read) to the
Numbers alorig‘ the horizontal lines increase up. The numbers desgnating the
lines of the photo will always be'as shown in the margin.

Y




(mosale) (77)
FRAME 178,
Y
Adding a standard military grid, marginal information, and names to a

.

mosaic, and printing it at a definite map scale produces a photomap“’(Panel 6-16)-
A contains many features similar to a topographic map

and is quicker to produce.
/

<

(title box) (108)

FRAME 109.
- To prove that the overlay is authentic, the name, rank and organization of
I3

the author must be included. The author's signature fixes

for the data on the overlay.

261




(Go on to next frame) (16) M' -
FRAME 17. - ’

In computing photo RF, both ground distance and photo distance must be
expressed in the same unit. If inches are used in the numerator (photo distance),
inches must also be used in the denominator (ground distance). If the distance
between two points on a photograph is x;leasured as one inch, and on the ground
the same distance is measured as one mile (63,360 inches), what is the RF of the
photo?

a. l b, ; c. 1

12 5,280 63,360

(right, grid) (47) .
'FRAME 48, »

Again lgok at step 4 of Panel 6-7. The grid lines are numbered to read
right and up (just 38 on a map). Grid square 5252 will always be located in
which guarter of the photo? , .

-

a8, upper left b. upper right ¢. 'lower right

<




(photomap) (78)
FRAME 79,
A photomap is a mosaic (many overlapping photographs) which is printed

in a map size and shape. The featureson a are not symbols,

but photographic images.

(responsibility) (109)

FRAME 110.’
’ The title box on the overlay furnished with thigtext identifies the following: .
1 (title)
2, (objective)
3 . ) (data of overlay)
4 (rank of author)




1
63,360

FRAME 18. )
When the scale of the photo is large, it is often possible to identify and

measure features that have standard known dimensions, such as athletic fields,

) (17)

large aircraft with known wing spans, or naval vessels of known length. For
example, the 10-yard lines on a football field are usually clearly marked, and can
be identified on a large-scale photograph. The length of the field is standard —
300 feet, or 360 feet if the end zones are included. The RF is computed by con-
verting the known length of the football field (GD) to the same unit of measure-

ment used on the photo (PD). Features of known dimension can be used in the

P
formula —D = RF because their distance is known.
GD

(b. upper right) (48)
FRAME 49.
Points are located on the point designation grid using 6-digit coordinates

(as on a map). A ____ -digit reading to the right is combined with a -digit

reading up.




(photomap) (79)

FRAME 80.

Refer again to the photomap on the reverse side of the LEAVENWORTH

map. Which of the following information on a topographic map is not shown on

the photomap? .

a. grids i b. declination diagram c¢. legend
1. Leavenworth 1:50,000 map (sheet 7062 1V)

2. SIT REP

3. 9 Sept 65

4. 2d Lieutenant (110)

FRAME 111.

Information drawn on the overlay need not duplicate the topographic symbols

unless the overlay shows a change in a topographic featyre on the map. The

symbols on the enclosed overlay are symbols and do not

duplicate the map information.

’ =
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(ground) (18)

FRAME 19,
If you identify a football field on a photograph, and measure its length

(without the end zones) as .36 inch, what is the scale of the photo?

1 1 1
a, —— b, — c.
3600 + 7200 10,000
(3, 3) (49) J
FRAME 50.

The first 2 digits (both right and up) are the two figures with which the
lines are numbered and represent the lower left-hand corner of the grid square.
The third digit (in each instance) is the distance measured within the grid square.

Thus, a puint located in the exact center of grid square 4949 has 6-digit coordi-

-4

nates of




(c. legend. Images on the photomap are photographic and a symbol legend is not
needed) (80)

FRAME 81,
The photomap is an excellent map substitute within its limits, It has a scale

for distance measurements, and grid lines for location and direction measurements.

Which measurement cannot be made on a photomap ? ,

8. distance b. direction ¢. relief

(military) (111)
FRAME 112.
Other useful information, such as scale and north arrow on a photograph,

are added where necessary. North arrows are not .needed on map overlays

because the vertical grid lines identify grid

6—38 " A S




1

(c. . 300 ft. X 12 = 3600 in,
10,000

P .36 1

_]2. = = ) (19)

GD 3600 10,000

FRAME 20.

When a map of the same area is available, the ground distance (GD) between

two points can be obtained by multiplying the measured map distance (MD) by the
1

50,000
equals 50,000 inches of ground distance. This can then be used with the measured

denominator of the map RF, For example, 1 inch‘ on a map having an RF of

PD =
photo distance between the same two points in the formula — = RF of photo.
GD

You can use a map of the same area to determine the scale of a photo because you

can determine the from the map.

(495495) (50)
FRAME 51, INFORMATION FRAME.

Because the same point designation grid numbers are useci on all photomaps,
the coordinates of a point on the photograph must be preceded by the mission
and exposure numbers to identify the photograph when reporting a photo point
location. The grid reference consists of three partsy % |

1. The letters “PDG" to indicate aerial photo coordinates rather than map
grid coordinates. '

2. The mission and exposure numbers of the photograph.

3. The six digits which actually locate the po;int on a photograph.




(c. relief) (81)
FRAME 82. ’

Refer to the LEAVENWORTH photomap. The grid on it is a standard mili- )
tary grid. As you learned concerning the grid on the LEA’\{ENWORTH topo-

graphic map, the length of each side of the grid squareis _____ meters.

-

oﬂi'

(north) (112)

FRAME 113.
Detailed route information is given on the route reconnaissance overlay

illustrated in Panel 6-17. Special route reconnaissance symbols (identified in
FM 5'-36) indicate critical widths and clearances, curves, and gradients. The road
slope north of the river is shown by methods described in Part V, frame 43. What

is the slope?

a. 1/10 " b. 8 percent — ¢ 6 degrees




(ground distance) (20)
FRAME ?21. _
When you have a map of the same area, you can combine the steps of finding
the ground distance, and then the photo scale, by using the formula
PD Map RF = Photo RF
MD
Example: The photo distance between two points is 10 centimeters. On a 1.50,000

scale map, the map distance between the same two points is 5 centimeters. Sub-

1
stituting in the formula: Photo RF = 1—0— X — , what is the RF of the
5 50,000
photo?
1 1 1
a. b. c.
25,000 50,000 100,000

(Go on to next frame.) (51)
FRAME 52.
Refer to photograph A supplied with this text. The exposure number is 565.

B

What is the mission number?

a. M-109 b. 0730 Z c.




(1000) (82)

FRAME 83. Co.
A standard military grid on the photomap permits reading 6-digit grid coordi-

’

nates. Locate RJ 997 (road junction, elevatlon 997) in grid square 46647 What

are the 6-digit coordinatgs for this point?

b. 462644 - ¢ 468é46

1

a. 460640

(b. 8 percent) (113) \/(

FRAME 114. , T
The in the lower right corner

must be filled out with pertinent information to identify the overlay.




[

~

( ) (1)
25,000
FRAME 22. e )
,~——_ photo distance
The photo RF -ratio, . , i3 in the same proportion as
‘ ground distance. o .
focal length of lens . photo distanée focal length of lens
’ (see Panel 6-6) == - —
height of camera - ground distance height of camera

What is the focal length given on the photo furnished with this text?

a. 702 b. 6 in. e. 7000

(a. M-109) (52)

" FRAME 53. .

The sxdes of the 4-cm grid squares of the point designation gnd (PDG) are
exactly the g¢ame size as the RF 1:25.000 map scale shown on your protractor
This scale can be used to find the 3d and 6th digits of PDG coordinates. Usmg

this scale, which of the following locates a baseball. dramond on Photo A?

a. PDG M-109 565 508509,
b. PDG M:109 565 494483
c. PDG M-109 565 486507

6—43
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(c. 468646) (838)

FRAME 384, N
The road leading south from RF 997 is pointed directly at Platte City. The

grid azimuth of the road is 181', degrees. What magnetic azimuth (see frame

4-84, Part 4) would describe this direction to Platte City?

a. 172 b. 1811, c. 191

(title box) (114) 0\

FRAME 115.
The register marks on the route reconnaissance overlay indicate that it is

referred to a map, because the register marks are

intersections.




(6 in.) (22)

FRAME 23.
The flight altitude, given on the photograph, is measured from mean sea level

(see sketch). The average ground elevation above mean sea level must also be
determined and subtracted from the flight ‘altitude to find the height of the
camera above the ground. To determine “height of camera” you must subtract

from the flight altituge.

?

HEIGHT OF
CAMERA
(H-h) FLIGHT
ALTITUDE (H)
1 '
4
GROUND
o ——
["ELEVATION (h) SEA LEVEL
)

(a. PDG M-109 565 508509) (53)

FRAME 54.
To review, the lines on a point designation grid cannot be used to find either

distance or direction on the ground. They can be used ONLY for ‘which of the

following ?
A

a. determining direction = b. locating points ' ¢. measuring distances




- (a. 172: You must subtract the GM angle (grid to magnetic)). (See instructions
in declination diagram on Leavenworth photomap.) (84)

FRAME 85.

\Rel?ee{o grid square 4764, just east of RJ 997. The topographic map shows
mostly relief 1nformat10n and some woods in this square. On the photomap, you
see fence lines, woods outlines, and even individual trees. For example, on the
topographicsmap, 476646 refers to a’point on the contour marking the hilltop.

What is the description of this same location on the photomap ?
\ /
a. woods patch b. fence corner ¢. road junction

Set 6-11. MILITARY SKETCH MAPS

(grid linej (115)

FRAME 1is.
A mlhtary sketch is a drawing on a sheet of opaque (not transparent) paper

-

It usually substitutes for, rather than supplements, a map. A

is drawn to satisfy a tactical or administrative requirement.

€




(ground elevatiqni (23) L i £ ) ‘ .
Fi%\}h . 2. . . ‘ e

- .
The RF ratio can now be expressed as:

i
Photo RF = ——, where? ﬁ = focal length
H-h H = flight altltude

. ~ . h = ground elevation o e D
Which of these three values is not given in_the marginal information?
‘ ) .

a. fl . . 4“b.H ¢, h

.

. e

-
3 g

Set 6-6. IDENTIFYING OBJECTS ON PHOTO

(b. locating points) (54)
FRAME 55. .

¢
The legend on the LEAQ/ENWORTH map helped you identify (recognize)

streams, roadg, hills and other features You have to identify obJects on a photo-
graph without help from a ~

by

P

2

“ , ‘ 6 —47
276 /



7 (b. fence corner) (85)

. FRAME .85.
s A f)hotomap furnishes a great amount of detail which is not shown on the
o topographic map. This is due to the photomap’s ) images.

=
/\
‘

(sketch) (116)
FRAME 117, )

Sketches vary from freehand drawings to carefully diagrammed ones. Since

R

a sketch may not be referred to a ;nap, its identification (title, objective, date and

. author) in its must be complete.

F




-«

(c. h. The ground elevation is not given on the photo. Altitude and focal length
of camera are.) (24)

FRAME 25.
fl

Photo RF = ——
H-h

To obtain average ground elevation (h), you can use a topographic map of
the same area as your photo. If a map is not available, you obtain the average
ground elevation from reconnaissance reports and other intelligence sources. If
you have a map, plot the area covered by your photo on the map, and determine
the high and low elevations from the contours. To obtain average ground elevation

from a map, you must check the in the area covered by

the photo.

(legend) (55)
FRAME 56.
The colors on a topographic map help .you identify streams and swamps,

orchards and woods, and built-up areas. You have to identify objects on aerial

photographs without the assistance of

[ 1%




(photographic) (86)
FRAME 87.
Photomaps are usually used as map supplements. Because photomaps are

made from aerial photographs, they sometimes contain distortions. If thé photos
are slightly tilted, or the terrain very rugged, the photo images of features are
displaced, and meaSurements of distance and direction are not reliable. Such
photomaps are usually used with topographic maps to provide new or additional

information. They are used as map

A

(title box) (117)
FRAME 118.

Panel 6-18 illustrates a strip map, a type of sketch, to be used by a vehjcle
convoy. The information showw®routes to follow, general directions, dlstances,
and checkpoints. Refer to the strip map. What types of topographic symbols are

added as check points?

a. road surface classification
b. stream, road and railroad crossings

. C. elevations




{contours) (25)
FRAME 286.
Refer to photograph A furnished with this text. By studying the contours

and spot elevations on a large-scale map of Northern Virginia, you determine

that the average ground elevation in the area covered by th#& photograph is 250
feet. Using this information and the ight.altitude given in the margih of/the
photograph, what do you determine the scale of the photograph to Ee?

1 b 1 o 1
6750 " 13,500 " 14,000

(color) (56) _
FRAME /57. ) i ,
There are five factors which help you identify objects on an aerial photo:

1. size '
2. shape or pattern
3. shadow
4. tone or texture
5. relation to other nearby features

In readiflg photographs, we use the recognit}on factors size, shape or pattern,

, tone or texture, and,




e T R Rmam——..

(supplements) (87)

FRAME 88.
An orthophotomap is a special type of photomap which may be used in place
of a topographic map The photographs are printed with equipment that eliminates

the scale and image distortions resulting from tilted photographs and from rugged

relief. These are called orthophotographs. An orthophotomap, made from ortho-
photographs, is just as accurate as a topographic map, It may be used as a

map

(stream, road and railroad crossings) (118)
FRAME 119. '

Another type of sketch (Panel 6-19) is more detailed than the strip map.
The author has added his field notés and computatw}as to the sketch. He started

v

at an elevation of 34 meters. What is his finishing elevation?

a. 20.9 ‘ b, 72.2 ) c. 1215

| - i N1




1 f 6” 5% 1
. = = ) (26)
13,500 H-h 7000 - 250" 6750 13,500

FRAME 27.
The photo scale for the areas of higher elevations is different from the scale

=
"
Il
I

(b

for the lower areas of the same photograph. Therefore, photo scale is usually
considered approximate unless the terrain is very level, or if special printing
methods have been used. Differences in elevation may cause differences in

within a single photograph.

(shadow, relation to other features) (57)
FRAME 58.

Size is a factor in identifying objects. In looking at the aerial photo of a
portion of Fort Belvoir (Panel 6-8) you see buildings of various sizes. The large
buildings include those containing offices, classroom buildings of the Engineer

School, and barracks. You would assume that the small buildings on the semj-

circular road at the top left of the photo might be family —

?

2K2 6—8




Set 6-9. PICTOMAPS

(substitute) (88)

FRAME 89. )
Pictomaps are a type of map product that is also made from photomosaics.

\)

However, the gray tones of the photo image are printed in natural colors on the
pictomap. Some topographic map information is also overprinted in color on
the photo image. The special map, FORT BELVOIR AND VICINITY, furnished
with this text, is a pictomap.” A pictomap combines the features of a photomap

printed in __ with many of the symbols

of a

*See Note in materials list in frontof this text.

(b. 722) (119)
FRAME 120. ;

The distances on the sketch were measured in strides, but the bar scale at

the bottom of the sketch indicates.that the distances were plotted in

6—54 AR




(scale) (27)

FRAME 28.
When the difference between the high and low elevations in a single photo-

graph is very great, it is better to compute two separate scales than to use an

average elevation. On most photographs, however, it is sufficient to use the

to compute scale.

(quarters or housing) (58)

FRAME 59.
The shape of objects is used to identify them. Natural objects are usually

irregular in shape. Look at Panel 6-9. You see that the manmade objects are

in shape and contain . lines.

-~




(natural colors, topographic map) (89)
FRAME 90.

The pictomap’s basic tone (tan color or ‘“landtone”) shows bare ground.
Vegetation is shown in green (“_.vegetone"). The darker shades and shadows are

emphasized by a black-green color (‘‘shadowtone”). You would identify bare

ground by color and vegetation by color.
»
.
(meters) (120) ~
FRAME 121. -

Skelches may be drawn .to cover areas as well as single routes. They may be

combined with other area sketches to increase the . that is

covered.




(average elevation) (28) )
FRAME 29. o

If you know the scale of the photo, you can determine ground distance the
same way as when using a n';ap Multiply the photo measurement by the denomina-
tor of the photo RF and convert to the desired unit of measurement, if necessary,
What is the ground distance in fee‘fﬁtween two points which are 2.4 mches apart

1
on a photo whose RF is
. 20,000

?

a. 2400 b, 4000

(regular, straight) (59)
FRAME 60.

Shadows of objects on aerial photos are used to identify them and also to
determine their relative ’heights. Panel 6-10 3
that the water tower is easily identified by its shadow. The shadow of the wafer .
tower '(upper left in photo) is _ than the shadow of the guard

in aerial view of a prison. Notice

tower in the corner of the prison wall (below and to the left of 'the water tower).

You know from this that the water tower is than the guard

tower.




(tan, green) (90)
FRAME 91.

The darker shades and shadows are emphasized in

(area) (121)
FRAME 122. [
Outpost sketches are made of the terrain ahe)% of an outpost line. The

oo

sketcher must rely on his sketching ability. If the sketcher makes his sketch from

an OP, he is making a place sketch which is a form of ___ sketch.

1




Set 6-4. - FINDING DIRECTION ON A PHOTO

(b. 4000) (29)
FRAME 30. INFORMATION FRAME.

Directions on an aerial phgtogrz;ph a}e not_ shown as on a map. There are no
military grid lines, nor are pli['allels and meridians shown. If a gort}l direction is
needed, it must be determined and plotted by the user. The exposure numbér and
any manually lettered marginal data are usually shown along the leading edge of
each photo — that is, the front edge as the aircraft was traveling. This- edge is
frequently referred to as the “tép” of the photo, although it can be any compass

direction, depending on the direction of flight.

+

(longer, higher (taller)) _(60)
FRAME 61. , . N

Tone and texture of objects shown in an aeria] photo EPanel 6-11) provide
clues to their identification. Woods and forests, for example, show a rough
texture. Quiet ponds and lakes show a smooth tone or texture. The smooth tone

or texture of the triangular shaped object below and to the right of the top

center of the photo indicate it is a ; or —
The rough texture;\shown in most of the center and lower right areas of the
photo indicate ‘ or . (This photo was

taken after a lightJ snowfall.)

“

NN




»

(black-green) (91)
FRAME 92.

Topographi¢ information is overprinted on the pictomap. Contours and such
cultural information as boundaries, railroads, and names are printed in black.
Drainage features (swamps, rivers, etc.) ar.e overprinted in blue and important
roads and buildings in red. On a topographic map., as you have learned previously,

the contours are printed 1n brown. In a pictomap, yc(u would find contours printed

in

(outpost) (122)
FRAME 123.
Information on sketches is useless unless the user can identify the lotation:

of the sketch. The location is noted in the

8}

6—860 - ’
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(Go on to next frame) (380)-

FRAME 31. , . Lo

If a map is available, thg photograph is oriented to the map; i.e., turned
until the photo images of the ground features (roads, etc.; are in the same relation
(directions as you look at them) as their equivalent map features. North on the
photo will then coincide with (or be parallel to) north on the map. To find north,

you ‘ the photo to the map.

~

Turn back to bottom of page 6-1 for frame 32

(pond or lake, woods or forests) (61)
FRAME 62.
The relation of an object to other nearby features on the photo can also help

you to identify the iject'. In Panel 6-12, the building with the checkered roof

close to the airplane parking apron of the airfield would be a

-

-

Turn back to top of page 6-2 for frame 63

290




(black) (92)

FRAME 93. ) )
-~ Refer to the special map, FORT BELVOIR AND VICINITY, furnished with
this text. This is a pictomap. Notice that there is both photographic.detail and
topographic information. *For example, 1n the housing development in grid square
1490, the exact street pattern and the individual homes are distinctly shown. This
\is a image of the housing development.
%
{
) g '
"Turn back to botton of page 6-2 for frame 9} _ B ’
L4
~ -(title box) (123) :

END OF FRAMES FOR PART VI




" PANEL 6-5 — MARGINAL INFORMATION ~ '

DATA RECORDED MANUALLY

d.
2 3 . 5 6 - 7 8 9, 10 11 12
IV ACGS-USAF  M-122 27JUN68 19572 152.47™ 30.000'ASL S 38°30'N 07846 W AREA®
KC-1 53-107  XFE819 52-197 _MINUS BLUE U ;
3¢ PR ’ (77 Lar, S F
_-1'

-< A WAL ‘ . '-"‘ . N 3% ,.,'

13 14 16/ 19”7 .

FOR FIRST A&-B—L T EXPOSURE OF EACH FLIGHT . A
INC-LUDING LAST EXPOSURE OF EACH ROLL

-r

5 6, - 7 8

i L/

v ACGS M- 122 27 JUN68 19572 152 47"‘"‘30000’ASL AF68 20

1
FOR INTERMEDIATE EXPOSURES
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' PANEL 6-5 -M.;\RGINAL INFORMATION (Continued)
‘ - b, DATA RECORDED AUTOMATICALLY

o
—
—
o
[F% )
—
[F% )
—
F.
—
o
(d=]

—
—
SRR

XF 551

CAL F.1.
SER 52051 |—a

SORTIE 001 |—en

153.78 MM
0,0,0,]
LENS SER NO
METROGON

- ] -
e W S

4—] USAF 12 APR 64 4536N1242W - VM |10 - ’
.+ 12— NEW YORK MAG 52 4848 B (F) CONFD - , :
177CLEAR FILM LEADER J3 )

19 .

4 § [ '

. PHOTO IDENTHFICATION DATA

t
’

I EXPOSURE NUMBER . 11. GEOGRAPHIC COORDINATES
2. CAMERA POSITION . »» 12. DESCRIPTIVE TITLE ‘ ‘
s 3 TAKING UNIT '13 PROJECT'NUMBER OR CODE NAME o ‘
4 SERVICE 14. CAMERA TYPE AND SERIAL NUMBER '
5. SORTIE/MISSION NUMBER ™. IS LENS CONE SERIAL NUMBER
6. DATE 16 LENS TYPE AND SERIAL NUMBER
7 TIME GROUP AND ZONE LETTER 17. MAGAZINE TYPE AND SERIAL NUMBER
8 FOCAL LENGTH 18 FILM AND FILTER USED
9. ALTITUDE g 19. SECURITY CLASSIFICATION
10.-KIND OF PHOTOGRAPHY *
» / v ) : ’
¢ R
o T BEETAAS ¢ S - *




A}

Photo RF =

PANEL 6-6 — PHOTO RF

Photo distance —

Ground distance

r

A3

“*Ground distonce

e
n
S
Focal length
— of lens t ,
Focal jength of lens .
- =Photo RF
Height of Height of camera
camera
- ”
‘/
.
)
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PANEL 6-15_
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PHOTO MAPS
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are made from

ERI

Aruitoxt provided by Eic:

IMOSALCS




Ner

PANEL 617, ©

ROUTE RECﬂNiMlSSANCE OVERLAY
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PANEL 6-18,

STRIP MAP

\ {Classificotion) ) ;
4 ANNEX ___. TO OPORD& .
( UNIT)
BRAVO ( DATE - TIME GROUP)

({ MAP REFERENCE)

<
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PANEL 6-19

ELEVATION

CLINOMETER

FORE | BACK

DIFFERENCE
OF ELEVATION

34 .

-y
1000 500 0 ~ 1000 2000 METERS
LHHHHH = —]
ROAD SKETCH, INCLUDING FIELD NOTES
. ’
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